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From the Chemistry Department II, Karolinska Institutet, Stockholm, 


A Method for the Standardization of 
Cholecystokinin in Vitro. 
By 
ERIC H. RULTMAN. 


Received 17 November 1954. 


In experiments with cholecystokinin-containing preparations 
' of intestinal hormones which cause contractions of the gall- 
bladder, the method of standardization is of prime importance. 
' Several methods for use in vitro and in vivo have been reported 
' in the literature. Using an in vivo method described earlier (Ha- 
VERMARK and HuLttTMAN 1952) in which a cannula is inserted 
' through the papilla of Vater into the common bile duct of the 
' cat under nembutal anesthesia, it was found that some prepara- 
tions produced intestinal peristalsis concurrently with the con- 
_ tractions of the gallbladder. 
_ In order to analyze this effect, the standardization method in 
' question was complemented with an ordinary intestinal bath 
"technique, which allowed a simultaneous study of the gallbladder 
| and the intestine in the guinea-pig. An ordinary intestinal bath 
Pat 37° C was used; it had two cuvettes, each containing about 
10 ml of Tyrode’s solution, and an arrangement for aeration with 
F oxygen. The contractions in the organs were recorded with two 
indicators and read off in mm on a scale. 
» Asimilar technique was used in 1933 by JuNG and GREENGARD, 
Fin tests on both the intestine and the gallbladder of the guinea- 
| pig. In 1953, GersHBEIN et al. published a standardization method 
) using the gallbladder and the intestine of the guinea-pig in in- 
| testinal cuvettes, both organs hanging vertically. In a later in- 
) vestigation by the same authors (1954), the circular layer of 
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muscle fibres was tested, the intestine then being attached hori- 


zontally. 

All these authors, as well as earlier workers who have dealt 
with the problem, have found active cholecystokinin preparations 
to have a strongly contracting effect on the intestine. In my in- 
vestigations, the contracting effect on the isolated intestine of 
the guinea-pig was found to disappear when the cholecystokinin 
preparations were purified. 


Experimental. 


After operation of the guinea-pig, the gallbladder and about 1 dm 
of the distal ileum are transferred to Tyrode’s solution at 37° C. 
A 1.5 em piece of the intestine is then placed in one of the cuvettes in 
the intestinal bath, and the gallbladder in the other. The quantity of 
test solution added is the smallest possible, preferably not in excess 
of 0.1 ml. The same quantity is used for the gallbladder and for the 
intestine. Contraction and relaxation of the organs require altogether 
10—20 minutes. After a further interval of 5—10 minutes, the solu- 
tion is changed and a new preparation is tested. 

Acetylcholine is used as a test that a definite effect will be produced 
on the organ in question; in doses of 1—3 y it causes marked contrac- 
tions of both the intestine and the gallbladder. After several injec- 
tions of acetylcholine, experiments with the test solutions can be 
started. In the present investigation, most of the preparations having 
an effect on the intestine also proved to cause contractions of the gall- 
bladder; in the same way, the impure cholecystokinin preparations 
gave rise to intestinal peristalsis. 

The effect on the gallbladder varies individually; consequently, the 
strength must always be correlated with that of a standard prepara- 
tion. As reported by AcrEn (1939), among others, the effect of chole- 
cystokinin on the gallbladder is considerably slower than that of acetyl- 
choline and of histamine. Cholecystokinin results in a slow rise in tonus, 
which often reaches its maximum only 10—15 minutes after injection 
into the intestinal bath. When acetylcholine is injected, maximal con- 
tractions can be recorded after only a few seconds. 


The method was found to give reproducible values, but the 
gallbladder was noted to exhibit a successive increase in sensi- 
tivity to the cholecystokinin preparations during the hours im- 
mediately following the operation. This must presumably be 
ascribed to regression of the paralyzing effect of the operation 
trauma. A surviving gallbladder can normally be used for 8—10 
hours, with new injections every 15—30 minutes. During this 
interval, the gallbladder (or the intestine) should relax to the 
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basic value. Thus, it is usually possible to make at least 20 dif- 
ferent tests with the same gallbladder. Cramp gradually ensues, 
resulting in inability of the gallbladder to relax. When this occurs, 
it can no longer be used. 

The intestine has a shorter survival time. The end-result is not 
a spasm, but a successive decrease in the contractions as soon 
as after 5—6 hours. This organ is fairly sensitive to the operation 
trauma, and up to 10 per cent of the specimens fail to react nor- 
mally. The gallbladder is considerably more resistant. Reddened, 
hyperaemic, presumably inflamed gallbladders which react poorly 
are sometimes seen. 

In these in vitro experiments, an effect on both the intestine 
and the gallbladder is produced not only by acetylcholine and by 
impure cholecystokinin preparations, but also by histamine and 
by acid and alkaline buffer solutions, for example. A specific 
action on the muscles of the gallbladder is also exerted by am- 
monium salts, such as the sulphate, the nitrate and the chloride. 

In other words, it is fairly easy to induce contractions of the 
smooth muscles in vitro. In order to avoid any of these sources 
of error, the pH of the test solutions must be carefully adjusted 
to 7.0; the solutions should also be salt-free as far as possible. 
The effect of choline and histamine derivatives present in the 
test solutions is eliminated with atropine and antihistamine 
(Desentol Leo) respectively, added to Tyrode’s solution in a 
concentration of 1 : 2,500,000. 

The intestine-contracting effect which persists — and which 
is thus due neither to choline or histamine derivatives nor to 
shifts in the pH — is due to impurities in the cholecystokinin 
preparations. When the cholecystokinin preparations are purified, 
this intestine-contracting effect namely disappears completely (see 
table I). 

In view of all these sources of error to which the in vitro method 
is subject, the preparations are always controlled on the cat in 
vivo. For this purpose, the cats are anesthetized with nembutal 
and an incision made in the duodenum; this allows direct observa- 
tion of the outflow of greenish-black bile from the gallbladder 
after intravenous injection of the preparation to be tested. In 
such in vivo experiments, non-toxic quantities of acetylcholine, 
histamine, buffer solutions and ammonium salts have no effect 
whatsoever, whereas the injection of cholecystokinin results in an 
adequate flow of greenish bile from the gallbladder. 
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Table 1. 
The Effect of Different Agents on the Isolated Gallbladder and Intestine 
of the Guinea-Pig in the Intestinal Bath. Weight of Guinea-Pig 525 4 
(Dark-Haired Male). 


Gall- 

Test solution Readings in mm 
Ordinary technique: 

Purified cholecystokinin’ 0.01 mg ............ssccscees 7 0 

Purified cholecystokinin 0.05 mg ..............eseeee. 13 0 

After adding Desentol and atropine sulphate (both 1 : 2,500,000) 

to Tyrode’s solution: 

Crude cholecystokinin 1 mg........ 12 8 

Purified cholecystokinin 0.01 mg ............cseceeeeee 8 0 


1 Prepared in collaboration with E. Jorres and V. Murr. 


It is possible to note at the same time a relaxation of the 
sphincter of Oddi when purified cholecystokinin preparations are 
injected. Preparations causing intestinal peristalsis, on the con- 
trary, often give rise to contraction of the sphincter, thus pre- 
venting emptying of the gallbladder. 

As far as the choice of experimental animals is concerned, 
organs from dark-haired male guinea-pigs, weighing between 500 
and 600 g, were found to react most satisfactorily. The animals 
should be starved for at least 24 hours before the experiments. 
Some spontaneous contractions were occasionally observed in the 
intestine, but were never seen in the gallbladder. 


Summary. 


A method is described for the standardization of cholecysto- 
kinin in vitro, correlated with in vivo experiments, and with con- 
current testing of the effect on the intestine of impure prepara- 
tions. The usual intestinal bath technique is used; the gallbladder 
is placed in one cuvette and a piece of the intestine in another, 
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both organs being taken from the guinea-pig. The contractions 
are recorded and read off in mm on a scale. 

Histamine and choline derivatives, as well as acid and alkaline 
buffer solutions, are found to produce contractions of both the 
intestine and the gallbladder in witro. Ammonium salts also cause 
contractions of the gallbladder. Even if these sources of error are 
eliminated, crude preparations of cholecystokinin still cause some 
intestinal contraction. This effect disappears when the prepara- 
tions are purified further. 

In in vivo experiments, the injection of cholecystokinin in the 
cat under nembutal anesthesia is found to result in a flow of 
greenish-black bile from the gallbladder, whereas the above- 
mentioned substances in non-toxic doses cause no reaction. 
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A Critical Study of Sjéstrand’s Method for 
Determination of Carboxy Hemoglobin, 
and the Total Hemoglobin Content 
of the Human Body. 

By 
HANS DAHLSTROM. 


Recieved 6 December 1954. 


In two papers Ss6sTRAND (1948 a, b) described methods for CO 
analysis, the determination of CO in alveolar air, the determina- 
tion of COHb saturation by means thereof, and the determination 
of the total hemoglobin content of the human body. These methods 
have subsequently been applied by him and others in investigative 
work. SIG6sTEEN and Ss6stRAND (1951) described a method for 
COHb determinations in blood samples, and some experiments in 
which their method was applied. CartstEN, HoLMGREN, 
Ss6sTRAND, and Srr6m (1954) did similar experiments from which 
they concluded that none of the existing methods for CO determi- 
nation in blood are accurate enough to be used for the exact 
determination of the relative affinities of CO and O, for hemoglobin 
at such low COHb values as are encountered in Sjéstrand’s 
method for determination of total hemoglobin. 

The subject of this paper is the description of a modification of 
Sidsteen and Sjéstrand’s method, and its application in rebreath- 
ing experiments, similar to the procedure in Sjéstrand’s meth- 
od for determination of total hemoglobin. From the data ob- 
tained the apparent relative affinities of CO and O, for hemoglobin, 
under these conditions, could be calculated. 


1 The author’s present address. 
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Methods. 


Determination of Low CO Concentrations in Air. 

The hopcalite method as developed by SséstTRAND and LINDELOV 
(Ss6STRAND 1948 a) was used. The machines were tested by the analyses 
of prepared dilutions of CO in O,, which were made by pipetting a 
carefully measured volume of 96.8 % CO from a storage tank into an 
evacuated 5,000 ml pyrex flask, see Fig. 1. (A small amount of gas 
can be measured accurately when confined between mercury columns 
in a pipette.) The flask was then filled with CO-free O, until atmospheric 
pressure was attained. This mixture was subsequently expelled into a 
rubber bag by replacement of the gas with water, and then analyzed 
with the hopcalite method. The hopcalite machines were calibrated 
with gas of 0.01 % CO. This mixture was made by the Matheson Co. 
(St. Louis experiments) and by Aga Ltd. (Stockholm experiments). 
The use of water to displace the gas does not introduce any significant 
error. The time of exposure of the water to the gas mixture is so short 
that little gas can enter the water. The calculated error inherent in 
effecting the dilution of CO with this technique is about 2 x 10~*. 


Determinations of the Hemoglobin Concentration in Blood Samples. 

The hemoglobin of an aliquot blood sample was determined spec- 
trophotometrically. In the St. Louis experiments Horecker’s method 
(HoreckER, 1946) was employed, using a Coleman spectrophotometer, 
calibrated with gasometric analyses. In the Stockholm experiments, 
a Spekker Photoelectric absorptiometer, Hilger Ilford Filter 605 was 
used, the blood sample 0.025 ml in 0.04 % ammonium hydroxide so- 
lution 2.0 ml. This method was standardized according to Kine (1947) 
and also checked with gasometric analyses. 


Determinations of the CO Content of Blood. 


The analyses of CO in blood was effected with a modification of the 
method of S16sTEEN and Sy6sTRAND (1951). The principle of the method 
is the release and extraction of the CO into the gas phase, and the anal- 
ysis of the gas with the hopcalite machine. 

The glass flask described above was used for the extraction procedure, 
see Fig. 1. The time of extraction, amounts of reagents, etc., were 
worked out by the repeated performance of the following experiments. 
About 100 ml of blood was drawn and heparinized and transferred to 
an evacuating flask and a few ml of physiologic saline was added. 
It was evacuated by a water suction pump for 15 minutes. A first sample 
of this blood was then analyzed by the technique to be tested. A second 
sample of 20 ml was drawn into a 30 ml glass syringe which was made 
completely gas tight with oil. About 0.20 ml of CO from a gas tank con- 
taining 96.8 % CO was carefully measured in a pipette, between col- 
umns of mercury. Mercury was brought to the very tip of the pipette, 
which was connected with the syringe fitting by a small rubber tubing. 
The gas was transferred to the syringe, leaving some mercury in the 
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Fig. 1. Glass flask with stopper, used for dilution of CO and extraction of CO 
from blood samples. — When used for dilution it was evacuated to a few mm Hg., 
a pipette with the CO attached to A, a rubber bag with CO-free O, attached to the 
other end of the pipette, and stopcock A opened so that the CO was washed into 
the bottle. Water was added through B and the gas expelled through A into a 
previously evacuated rubber bag. — When used for blood analyses a plastic covered 
magnet was first placed in the bottle. The bottle was evacuated, the blood and 
reagents introduced through the cup C in a way similar to that in the Van Slyke 
apparatus. The mixture was agitated by a magnetic stirrer, whereupon a rubber 
bag with CO-free O, was attached to A, which was opened; the gas mixture was then 
expelled and sampled as in the dilution experiments. 


syringe fitting. A rubber cap was used to seal the syringe, which was 
shaken until no gas bubbles were visible in it. This took about 45 
minutes. This blood was then analyzed in the same manner as the other 
sample. The difference in CO content between the first and second 
samples should be an amount of CO equivalent to the volume added to 
the second sample. 
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In other control experiments the CO content was determined on blood 
equilibrated with 96.8 % CO in a flask for one hour. The expected 
amount of CO in the blood was calculated from the hemoglobin content 
and a CO binding capacity of 1.36 ml/gram hemoglobin. The absorption 
coefficient for CO in blood was assumed to be the same as for CO in 
water, and the physically dissolved amount calculated accordingly. 

The accuracy of the analyses of CO in blood depends upon the actual 
amount of extracted CO. Therefore, when low COHb concentrations 
were expected, larger blood samples were used, and the amount of 
reagents adjusted in proportion. 


‘Rebreathing Equipment and Procedures. 


The rebreathing system consisted of mouthpiece, rubber tubings, soda 
lime canister for CO, absorption, and rubber bags which could be ex- 
changed without interruption of the procedure as they were fitted with 
three-way stopcocks. In order to insure complete mixing in the bags, 
they were fitted with two openings so that the air would enter and leave 


| at opposite ends. In the St. Louis experiments, respiratory valves di- 


rected the air flow. In the Stockholm experiments a powerful blower was 
used in the circuit instead of valves. 

In the St. Louis experiments the O, concentration of the gas samples 
was determined with a Beckman O, analyzer, connected in series with 
the hopealite machine. In the Stockholm experiments analyses for CO, 
and O, were made with a Haldane apparatus. 

The CO was introduced into the rebreathing system after measurement 
of 96.8 % CO in a glass burette which was fitted with three-way stop- 
cocks at both ends. The CO was washed into the inspiratory side of the 
system with O,. 

The subjects breathed O, for a preliminary period. They were then 
connected to the rebreathing system, which previously had been filled 
with O,. In the St. Louis experiments the bag was allowed to shrink 
during the 15—23 minute rebreathing period. Therefore, the subject 
had to make a deep expiration when a bag was to be disconnected for 
analysis of its CO and O, content so that a sufficiently large sample 
could be obtained. The subject was then switched to another bag, which 
was also filled up with O,. In the Stockholm experiments a constant 
flow of O, which matched the O, consumption of the subject was led 
into the rebreathing system. 

The subject Cr (Table 3) was a normal individual who had abstained 
from smoking for 24 hours prior to the experiments. Subjects Pn—Gl 
were examined preoperatively and received the usual preoperative treat- 
ment and instruction not to smoke. These individuals were to be operated 
on for minor diseases. They lay upon a stretcher during the experiments. 
The subjects for the Stockholm experiments, Sn—Kn, were non-smokers 
visiting the outpatient service for control of minor disorders. They were 
seated in a chair during the experiment. 
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Results. 


The calculated CO concentration in 11 preparations of gas 
mixtures and the CO concentration obtained by analyses of them 
with the hopcalite machine are included in Table 1. Statistical 
analysis of the data shows that the values obtained by analysis 
with the hopcalite machine do not deviate significantly from the 
calculated values. 


Table 1. 
Results of Dilution Experiments. 


CO Concentration, CO Concentration 
Calculated from Calculated from 
Dilution. Analyses. 
10-6 
St. Louis 13 1] 
14 13 
47 
61 65 
70 66 
80 81 
85 88 
127 123 
Stockholm 29 29 
99 99 
104 103 
Mean 66.3 66.4 


7? = 1.656 P > 0.99 


The experiments which were performed in order to determine 
the technical details in the extraction of CO from blood samples, 
indicated that an extraction time of 1 1/, hour was necessary for 
complete extraction. The standard reagents used were 3 ml. of 
water and 0.5 ml of 10 % sulfuric acid per ml of blood. The sul- 
furic acid could be replaced by acid ferricyanide solution with no 
difference in the results. The first two experiments in Table 2 
are the last in this series. The amount of blood used was measured 
less accurately with a syringe, which may have introduced some 


error in these experiments. 
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Table 2. 
Results of Determinations of Blood CO Content. 


| Deviation 


Calculated Found F Cal- 
Preparation _ CO Reagent co 
Content Content 
| | 
St. Louis ml | ml | ml | % 
| Measured amount 
| of CO added | 0.312* | 20 | Sulfuric acid 0.303 | —2.9 
| to “evacuated” | | | 
| _ blood........-. | 0.376" | 20 | | 0.394 | +48 
| Blood, equilibrated | 0.438 | 2 | } 0.449 | +2.5 
| with 96.89% CO. | 0.460 | 2 0.448 | —2.6 

| 
| Stockholm | 
| Blood, equilibrated | 0.370 | 2 Ferricyanide 0.367 | —0.8 
| with 96.8 % CO | | 
> ‘| 0.370 | 2 Sulfuric acid 0.373 + 0.8 
> 0.388 | 2 Ferricyanide 0.389 | + 0.3 
| » | 0.388 | 2 Sulfuric acid 0.398 + 2.6 
> osss | 2 0.387 | —0.3 


Brackets encompass experiments on the same blood samples. *Added 
amount of CO + amount found in blank. 


The results of the experiments with blood saturated with CO 
are also included in Table 2. It can be seen that the maximal devia- 
tion from the calculated values was 2.6 °% 

The data for the rebreathing experiments can be found in Table 
3. The alveolar pO, and pCO were calculated with the assumption 
that pCO, and pH,O amounted to 49 and 50 mm Hg. respectively. 
Of course, only the latter figure is needed for the correction of 
pCO. Hemoglobin was determined spectrophotometrically. ““COHb 
determined”’ is the result of the analysis of blood samples. ‘‘COHb 
calculated” is calculated according to Haldane’s Law I, which states 
the relations between pO,, pCO, O,Hb and COHb, in a system 
where the hemoglobin is completely saturated with CO and O,: 

[COHb] MpCO 

[O,Hb] pO, 
The factor M was assumed to be 210, and the gas combining ca- 
pacity 1.36 ml/gram Hb. COHb was obtained by analysis, and the 
rest of the hemoglobin was assumed to be O,Hb. 

M in Table 3 was calculated according to Haldane’s Law I from 
pO., pCO, Hb, and “‘COHb determined”. 


| 
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Table 3. 
Result of Rebreathing Experiments. 


Period of Alveolar COHb, COHb 
Subject Hb Deter- Caleu- M L 
8 pO, pco mined lated 
min. mm Hg|mm Hg! g % % % 
Cr DG yar ciate 610 0.0430 14.7 1.58 1.46 | 228 | 227 
BO sicietaceker 620 0.1110 15.5 3.91 | 3.62 | 228 
Pn | ea 538 0.0329 13.9 1.44 1.27 | 239 | 227 
| 0.0656 13.9 2.73 | 2.47 | 237 
Ps 1 AE 627 0.0242 13.9 1.28 | 0.81 | 336 | 353 
602 0.0652 13.9 3.62 | 2.22 | 347 
Gr BO ec scereee 556 0.0997 17.3 5.65 | 3.63 | 334 | 403 
BS ieee 576 0.1360 16.5 7.65 | 4.73 | 351 
Gl =. | Aare re 481 0.0217 13.9 1.52 | 0.94 | 342 | 263 
cer 476 | 0.0411 | 13.9 | 2.56] 1.78 | 304 
| 549 0.0949 15.2 6.21 | 3.51 | 383 | 218 
525 | 0.1252 14.8 7.45 | 4.77 | 338 
610 0.0852 11.8 4.98 | 2.85 | 375 | 273 
NES nse store 610 | 0.1298 11.8 6.75 | 4.28 | 340 
622 0.0606 16.9 2.40 | 2.01 | 253 | 229 
617 | 0.1110 | 16.9 | 4.17 | 3.64 | 242 
| | 
ee [oO ee 568 0.0171 16.1 0.96 | 0.63 | 322 | 219 
572 0.0673 16.3 2.81 | 2.41 | 246 
623 0.0177 14.6 116 0.59 | 413 | 224 
e's 611 0.0721 14.4 3.08 2.42 | 269 


L in Table 3 was calculated according to the formula: 


[COHb] ;, [COHD] , 

100—[COH] 100 —[COHD] , 
pco , 
pO. 1 pO, | 


where I and II denote determinations before and after administra- 
tion of CO. L is an expression of the relative affinities of CO and O, 
for hemoglobin during the formation of an additional amount of 
COHb. The error in ‘““COHb determined’”’ does not exceed 2—3 %, 
with the exception of Sn and An, in whom the blank values were 
unexpectedly low. Because these two experiments may well be in 
error, they are treated separately. 

The calculated values of M will have errors in common with 
“COHb calculated”, which also will be common with the errors in 
the method for determination of total hemoglobin. In addition, 
M will carry the error in “COHb determined” which, as stated 
above, amounts to 2—3 %, 
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The error in L can be estimated to remain within + 5 %. 

A number of single determinations in normal subjects were also 
obtained. The value of M calculated from these data ranged from 
223—333. Further analysis of these data did not yield any addi- 
tional information, and they are therefore not presented here. 


Discussion. 


The value of the constant M in Haldane’s equation was origi- 
nally determined by the in vitro equilibration of blood samples with 
gas mixtures containing CO. Ss6sTRAND (1948 a) refers to a value 
given by S—NpROY, Liu and VAN SLykeE (1929) which was 210 + 
2.5%. In their abstract, detailed experimental data were not 
given. KitLick (1936, 1948) using her own blood found M = 240. 
This value was unaffected by acclimatization. On the blood of three 
men she obtained M values of 233, 246, and 272. Roucuron and 
Darine (1944) pointed out the difficulty, if not impossibility, 
of equilibrating blood with CO at low pCO, without obtaining 
serious, hemic decompositional artifacts. In a review LILIENTHAL 
(1950) realized this difficulty, but concluded “‘that the value of M 
may well be a constant of man”’. 

In Sjéstrand’s technique the lungs are assumed to function as 
tonometer, whereby equilibrium is obtained between alveolar gas 
and pulmonary venous blood. Several attempts have been made 
to determine the factor M from in vivo experiments, in which 
human subjects have been exposed to CO-containing gas mixtures. 
One difficulty in such experiments is the determination of the time 
when equilibrium is obtained. Another difficulty is that some of 
the absorbed CO may not be taken up by the hemoglobin. 

KILick (1936, 1948) studied the effect of acclimatization upon 
repeated exposure to CO. The uptake of CO at a given pCO changed 
during the half-year period. As time passed the amount of COHb 
formed at a given pCO decreased and the more especially toward 
the end of acclimatization. 

LILIENTHAL, et al. (1945) determined the value of M at low pO,, 
using about five hours for equilibration in a chamber. They found 
values ranging from 182 to 225. 

SsJ6STRAND (1948 a) had to rely on indirect evidence for equilib- 
rium as at that time analyses of the CO content of blood at the 
range he was using could not be performed. He used a small 
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rebreathing system initially filled with air to which CO was added. 
Only a short rebreathing period was used so that the pO, remained 
nearly normal. He found that a linear relationship existed between 
the alveolar pCO and the quantity of CO given to the individual 
subjects. 

In 1951, however, a new method for the determination of CO in 
blood (S1é6srEEN and SséstRAND, 1951) was employed, and it 
was reported that M did not deviate significantly from the anti- 
cipated value of 210, and that ‘‘for practical purposes at least, it is 
entirely justifiable to use the calculation suggested by S36sTRAND 
(1944, 1948) for estimating the blood COHb concentration from 
the CO concentration in the alveolar air’. CARLSTEN, et al. (1954), 
used three different methods for the determination of CO in blood 
and then calculated the value of M from the data obtained in 
rebreathing experiments. They found M = 228, 260, and 231, 
with standard deviations of 45, 59, and 31, respectively, when 
calculated from the observed increases in COHb and pCO after 
the administration of CO. They point out that ‘“‘this value of M, 
signifying the capacity of hemoglobin for binding extra-adminis- 
tered CO, is the relevant one for the calculations entailed in the 
indirect method for determination of the total amount of hemo- 
globin, as described by Ss6sTRAND (1948 b)”. It is not clear from 
their paper how the figure M was calculated. 

In this paper experiments are described which were aimed at 
minimizing the analytical errors. The gas analyses were checked 
with dilution experiments and found to be accurate within a few 
per cent at CO concentrations about 10-*. The method for de- 
termination of CO in blood was also checked, and in 7 check experi- 
ments where the blood sample was carefully measured the error 
did not exceed 2.6 %. In other check experiments, 95 % or more of 
CO added to a blood sample was recovered in the analytical pro- 
cedure. 

Rebreathing experiments similar to the procedure in Sjéstrand’s 
method for determination of total hemoglobin were performed, 
during which blood samples were drawn for CO analysis. Such 
experiments should show whether equilibrium according to 
Haldane’s Law I was actually obtained. This would be the case 
and M would equal 210, if ‘‘COHb calculated” and ‘“‘COHb deter- 
mined” were the same. As can be seen from Table 3 this is not so, 
nor has M any other constant value. We must, therefore, con- 
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clude that equilibrium, as calculated from Haldane’s Law I, was 
not obtained in these experiments. 

If a ‘“‘gradient”’ existed from blood to the rebreathing system 
during the experiment, a high value of M would be expected. This 
possibility suggested itself particularly with several subjects who 
were smokers with high blank values and calculated values of 
M of 300—400. However, as can be seen from the data in Table 3, 
the COHb values regularly increased on administration of 20—30 
ml of CO, and the values of M were somewhat reduced at the same 
time. This could have been due to a gradient from the rebreathing 
system to the blood after the administration of CO. 

Although the existence of a gradient is suggested by the changes 
in M, an approximate equilibrium was probably obtained within 
the rebreathing period, because the changes in M appeared to be 
rather small when compared with the overall variation in M. This 
point is of particular interest, because the differences between 
values of M in one individual are smaller than differences in M 
between individuals. 

The null hypothesis was tested by an analysis of variance ac- 
cording to Fisher. The probability that the variance of the values 
of M for each individual was due to the same source of variation 
as the one of the total group of data is less than 0.001. It can, 
therefore, be concluded that Haldane’s Law I cannot be applied 
to the calculation of COHb under the in vivo conditions used. 
Incapacity to attain equilibrium between rebreathing system 
and blood seems to be the most likely explanation for these differ- 
ences. Variance in the properties of hemoglobin between indi- 
viduals and within the same individual is also a credible cause. 

LILIENTHAL, et al. (1945) obtained a much smaller variation 
of M from their experiments with low pO, and several hours of 
equilibration. However, analysis of variance of their data again 
shows that the variation within each experiment (two values of M) 
is less than the total variation, as in my studies, but no difference 
between the three individuals could be detected in their ma- 
terial. 

The conclusion to be drawn from these findings is that the 
variation in values of M is less during one experiment than it is 
between experiments. Determinations of COHb with this technique 
are obviously unreliable. 

Sjéstrand’s method for determination of total hemoglobin does 


not depend on absolute COHb determinations, but on the difference 
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between a blank value which usually amounts to 0.5—2 %, and 
a value obtained after administration of CO, which is about 
2 % higher. 

In Table 3 a value L has been calculated according to a formula 
mentioned above. This calculation expresses changes in COHb 
and O,Hb following changes in pCO and pO,, as they were observed 
in two sets of data on each individual. It is conceivable that such 
changes should be different from what is expressed by M. If, for 
instance, the very first part of COHb formed (within the range 
of blank values) is formed with a higher affinity between CO and 
hemoglobin, then determinations of M at different levels of COHb 
will be different. A fairly constant value might be obtained at high 
COHb values, because the first amount of CO is then relatively 
small and insignificant. But when a certain critical low COHb 
value is approached wide discrepancies could be anticipated. If 
the blank values in our studies are high enough to “‘take care”’ of 
this hypothetically particularly active hemoglobin, then it might 
be possible that the relative affinities of CO and O, for hemoglobin 
when additional CO is taken up is constant, despite wide differen- 
ces in M. 

A comparison of the M values calculated from the blank deter- 
mination and from the determination after administration of CO 
shows that the former values are higher than the latter in 6 cases, 
about equal in 4. This finding is thus suggestive of the possibility 
that hemoglobin’s affinity for CO is higher when the first amount 
of CO is taken up. 

The formula for L was arrived at by the following reasoning. 

[COHb] 


According to Haldane’s Law I, - plotted against 
100—{COHb] 


pCO 
po, 
From each of our experiments we obtained two points in such a 
system of coordinates (denoted by I and II in the formula). 
The two lines from these points to the origin will have slopes 
which are then two found values of M. The slope of the line 
connecting the two found points represents L. 

Of the 10 values of L (subjects Sn and An included), 6 fall within 
a range of 219—229. Determinations of total hemoglobin on 
these 6 individuals would have yielded good results. It is known 
that determinations on smokers give less accurate results. In our 


should form a straight line with the slope M (see Fig. 2). 
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ren- Fig. 2. Representation of the apparent relative affinities of O, and CO for hemo- 


globin on increase of COHb concentration (L, heavy lines). Two values of M, 
derived from the experiments on Ol, and M = 210, are also represented (thin lines). 


ter- 

CO material Gr, Kn and Ol have high blank values, probably due to 
ses, smoking. If they are excluded we are left with 7 values, 5 of which 
lity would give good results in calculation of total hemoglobin. In 
unt the other individuals there would be considerable inaccuracy in 


| the results because the relative affinities of CO and O, for hemo- 
ing. globin could not be predicted, and due to lack of equilibrium be- 

| tween the rebreathing system and the blood. In our calculations 
‘nst either one of these errors will appear in the value of L. It must, 
therefore, be concluded that determinations of total hemoglobin 
with this method occasionally (in this series in 2 cases out of 7) 
give aberrant results. 


la). Summary. 


1. Rebreathing experiments similar to the procedure in Sjé 
strand’s CO method for determination of blood volume were 
hin performed. 

2. During these experiments blood samples were drawn and 
analyzed for their CO content with a method which permitted 
| great accuracy even at low COHb values. 

21—553010. Acta phys. Scandinav. Vol. 33. 
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3. The results were used for the calculation of a factor L, 
which is an expression of the relative affinities of CO and O, 
for hemoglobin during the formation of an additional amount 
of COHb. 

4. The results indicate that COHb determinations by analyses 
of the alveolar air give unreliable results. Determinations of 
total hemoglobin would occasionally give aberrant results. 
However, in 5 cases out of 7 the factor L fell within a very 
narrow range, 219—229. Further investigations will be neces- 
sary to explain the reasons for the deviation of the factor L 
in the other two experiments. 


This work was supported by the Research and Development 
Division, Office of The Surgeon General, Department of the 
Army, U. S. A., under Contract No. DA—49—007—MD—218, 
and by the Swedish Medical Research Council. 
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Intracellular Distribution of Brain 
Phospholipides.' 


By 
V. POSBORG PETERSEN and MOGENS SCHOU. 


Received 13 December 1954. 


Previous work has been concerned with the phospholipide com- 
position of regions of varying histological structure in the central 
nervous system (BRANTE 1949, Jounson, McNass and RossiITER 
1948 and 1949). In the present study a different approach has been 
attempted. Rat brain homogenates were subjected to differential 
centrifugation, and the concentrations of various phospholipides 
were determined in each of the cellular fractions. The results ob- 
tained from normal rats were compared with those obtained from a 


series of insulin-treated rats. The reason for including this investi- 
gation was the controversial data given in the literature con- 
cerning the effect of insulin administration on the content of total 
| lipide phosphorus in the brain (Pace, Pasrernak and Burr 1931. 
RANDALL 1940. McGHEE, PapaGEorGce, BLoom and Lewis 1951). 
It was felt that an analysis of different phospholipides in fractiona- 
ted brain tissue might possibly disclose greater changes than the 
determination of total phospholipide in whole brain. 


Methods. 


The animals used were healthy, male albino rats from the State Serum 
Institute, Copenhagen, a strain inbread through several years and 
highly homogeneous. They were kept on ordinary laboratory rations and 
weighed between 170 and 220 g at the time of the experiment; 


1 Part of this work was supported by grants from “‘Kong Christian den Tiendes 
Fond”, ‘“‘Aarhus Oliefabriks Fond” and ‘‘The Williams-Waterman Fund”. 
| A preliminary report of the work was given at the 19th International Physio- 
| logical Congress, Montreal, 1953. 
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after the administration of insulin they had no food but could drink 
water freely. The insulin (equal parts of regular insulin and protamine 
insulin) was administered as a subcutaneous injection; the usual dose 
was 1.5 international units, but in some cases additional injections were 
given if the animal failed to go into coma. The maximal dose administer- 
ed was 3.5 international units. Most of the insulin rats died spontaneous- 
ly in coma, but a few were decapitated after having been in coma for 
about one hour. The average survival time after administration of 
insulin was four hours and the average time in coma one hour. The onset 
of coma was characterized by the occurrence of convulsions or by com- 
plete lack of corneal reflex. The control rats were decapitated. Each 
group consisted of 14 animals. Four rats were used in each experiment, 
two receiving insulin and two serving as controls, and the brains were 
pooled two by two to give a control and an insulin homogenate. In 
this way the control and the insulin brains were subjected to exactly 
the same fractionation procedure during the centrifugation. 

Immediately after the decapitation the brains were removed and 
placed on cracked ice. They were then blotted gently with filter paper, 
weighed, and homogenized in nine volumes of ice-cold isotonic sucrose 
(0.25 M in distilled water) in an all-glass homogenizer. Aliquots of the 
homogenate (H) were taken for nitrogen determination by the micro- 
Kjeldahl procedure and for determination of phospholipides. The ho- 
mogenates were fractionated in a refrigerated Servall centrifuge by 
Bropy and Batn’s (1952) procedure II. Fractions II—R, (800 x g for 
10 minutes) and II—R, (1,500 x g for 10 minutes) were pooled to give 
a fraction (N), containing nuclei, tissue fragments, whole cells, and 
mitochondria. Fraction II—R, (12,000 x g for 15 minutes) contained 
mainly mitochondria and is here called M. A last centrifugation (23,000 
x g for 30 minutes) yielded a microsome fraction, P, and a final super- 
natant fluid, 8S. Each precipitate was suspended in isotonic sucrose and 
made to a definite volume; total nitrogen and phospholipides were 
determined on suitable aliquots. The yield of the various fractions, 
expressed as mg total nitrogen per gm wet tissue, appears from column 
6 in Table I. 

The lipides were extracted with boiling ethyl alcohol: acetone 1 : 1 
by volume, according to SCHOENHEIMER and Sperry (1934). This has 
been the usual lipide extraction procedure in our laboratory; but since 
it had not previously been used for brain phospholipides, it was com- 
pared to extraction with chloroform : methanol, 2:1 by volume, and 
the yield was found to be 94 per cent. Total phospholipide, alkali-labile 
phospholipide and choline-containing phospholipide were determined 
on the extract as described previously (PosBorG PETERSEN 1950); 
the relative standard errors of these procedures were two, four, and 
three per cent, respectively. Sphingomyelin was calculated as the dif- 
ference between total phospholipide and alkali-labile phospholipide; 
cephalin was calculated as the difference between total and choline- 
containing phospholipide, and lecithin as the difference between chol- 
ine-containing phospholipide and sphingomyelin. All determinations 
were made in duplicate. 
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Table I. 


Concentration of Total Phospholipide, Phospholipide Fractions, and Total 
Nitrogen in Brain Homogenate and Cellular Fractions. 


Cellular Total Sphingo- | Sotal 
| fraction phospholipide myelin Cephalin Lecithin | nitrogen 
Normal rats 
mg per g wet tissue 
H} | 5.8 34.7 | 12.0 18.7 
| (47.4—55.4)? (4.0—7.6) (30.0—40.4) | (7.0—14.3) | (17.4—22.2)* 
N 10.0 1.5 7.7 0.8 3.0 
| (8.6—11.4) (0.9—2.3) | (6.3—10.1) | (—0.9—1. 9) | (2.5—3.5) 
| M 21.4 3.4 14.6 3.8 6.0 
(16.2—24.1) (1.3—5.4) | (11.0—17.2)| (2.7—5.5) (4.9—7.6) 
P 9.9 0.9 6.4 | 2.6 3.7 
(8.4—11.7) | (0.5—1.4) (5.2—7.4) (1.5—4.5) (2.8—5.0) 
Ss 0.0 5.8 6.0 


| (5.5—10.7) | (—0.4—0.4)| (3.98.6) (1.32.7) | (4.8—7.1) | 


Insulin-treated rats 


H | | 4.3 32.2 121 | 186 
(45. i 9) (3.1—6.1) (28.5—38.4) (7.4—15.3) | (16.7—22.5) 

mY 10.4 | 1.6 8.1 0.7 2.8 
(9. 6) (1.3—2.0) (7.0—9.4) (—0.6—1.7) (2.6 —3.3) 

M 4.1 14.3 3.3 6.0 
(16. as 8) (2.3—7.0) (10.8—17.2) (1.5—5.0) (4.6—7.0) 

P 9.5 0.5 5.9 3.1 | 3.5 
(7.3—12.3) | (—0.5—1.3)| (4.7—7.0) (2.1—4.2) (2.6—4.3) 

Ss 6.1 0.0 4.6 1.5 } 6.1 


(4.5—7.1) 5—0. (3.4—5.5) (0.7—3.4) | 


a H= = ecnenaints, a = “nuclei”, M = mitochondria, P == microsomes, S = 
supernatant fluid; see text for further details. 

* The figures in parentheses represent ranges. The brains from 14 animals in 
each group were pooled two by two:n = 7 

> N+M+P-+S as percentages of H: norma! rats, 100 per cent; insulin- 
treated rats, 99 per cent. 


Results. 


Table I shows the distribution of phospholipides in brains from 
normal and insulin-treated rats. When the total phospholipide 
contents of the cellular fractions are added, they amount to only 
about ninety-five per cent of the total phospholipide content of the 
homogenate; this is due to small, unavoidable losses of material 
during the separation. Similar discrepancies, but somewhat larger, 
are found for some of the phospholipide fractions, because they 
were computed as differences between experimentally determined 
values. 
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1 a. 1 b. 


Fig. la and b. Concentration of total phospholipide and phospholipide fractions 
in brain homogenate and cellular fractions. Fig. 1 a: Normal rats. Fig. 1 b: In- 
sulin-treated rats. 


The differences between the control and the insulin group are 
only significant on one point: total phospholipide in whole homo- 
genate (0.05 > P > 0.02), but the difference is not significant 
when the values are expressed on a total nitrogen basis. A compar- 
ison of the individual phospholipides in the cellular fractions does 
not reveal any significant change after insulin treatment, whether 
the values are expressed on a wet weight or on a total nitrogen 
basis. Since the total values (total phospholipide in the homogenate) 
are, theoretically, the sum of these individual values, it must be 
considered most likely that the lower total phospholipide content 
per g wet weight of the homogenate from the insulin-treated 
rats must be due to chance variation. The total nitrogen per g 
wet tissue was not significantly changed by the insulin treatment 
in the homogenate and in the cellular fractions, indicating that the 
water content of the tissue had not changed. 

Figure 1 a and b shows the concentration of the phospholipides, 
expressed per mg nitrogen, in the cellular fractions. It appears 
that the concentration of total phospholipide is highest in the 
“nuclei” and mitochondria, lower in the microsomes, and consid- 
erably lower in the supernatant fluid than in any of the particle 
fractions. The sphingomyelin and cephalin concentrations follow 
in parallel with the total phospholipide, being highest in ‘‘nuclei” 
and mitochondria, lower in microsomes and substantially lower in 
the supernatant fluid. The distribution of lecithin shows a different 
pattern; the concentration of this phospholipide is highest in the 


Co 
| tabl 
| 
leci 
cho 
col 
by 
(19% 
to ¢ 
of 
diff 
| unc 
rat 
| 
no 
ge 
siti 
ma: 
use 
| wit 
on 
bee 
and 
imp 
to t 
| TeCé 


INTRACELLULAR DISTRIBUTION OF BRAIN PHOSPHOLIPIDES. 313 


Table II. 
Statistical Significance of the Differences Between the Phospholipide 
Concentrations (mg Phospholipide per mg Total Nitrogen) of “Neighboring” 
Cellular Fractions. 


Difference between | Total Sphingo- 
cellular fractions |Phospholipide, myelin Cephalin Lecithin 
Probability 
> 0.6 >0.2 > 0.05 < 0.01 
\ Me < 0.001 < 0.001 < 0.001 < 0.05 
< 0.001 < 0.001 < 0.001 < 0.001 


Probabilities below 0.05 (printed in Italics) are considered significant. In this 
table the data from the control and the insulin-treated rats were pooled. 


microsomes, with a significant difference between this and the 
lecithin concentration in the supernatant fluid and in the mito- 
chondria (Table II). 


Discussion. 


A small, but significant decrease of the total phospholipide 
content of rabbit brain was found after repeated doses of insulin 
by RanpDALL (1940) and after a single large dose by McGuez et al. 
(1951). Contrary to these findings Pace et al. (1931) were unable 
to demonstrate any effect of insulin on the phospholipide content 
of rabbit brain. In the present study total phospholipide and three 
different phospholipide fractions were found to remain essentially 
unchanged in different cellular fractions and in homogenates of 
rat brain after insulin administration. 

The greater part of the phospholipides of the brain are of the 
non-choline containing type (cephalin). This fraction is a hetero- 
geneous mixture of phospholipides of incompletely known compo- 
sition, and possible changes in this fraction, not involving the total 
mass, would not be accounted for with the analytical technique as 
used here. It is difficult to compare the present quantitative data 
with those obtained by others, since some results were expressed 
on a dry weight, others on a wet weight basis; some analyses have 
been done on whole brain and some on separate samples of grey 
and white matter; also the phospholipide fractions are defined 
implicitly by the analytical procedure and therefore vary according 
to the methods used. If, however, the data from the literature are 
recalculated on a wet weight basis and for whole brain, a fair 
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agreement is found between these and the present data: the total 
phospholipide content is about five per cent of the wet weight; 
about 65 per cent of the phospholipides are non-choline containing; 
lecithin constitutes about 20—25 per cent and sphingomyelin 
5—10 per cent. 

A distribution of the phospholipides as presented here suggests 
that sphingomyelin and cephalin are mainly localized in the mito- 
chondria and lecithin mainly in the microsomes. It should be 
emphasized, however, that what is here called ‘nuclei’, mito- 
chondria and microsomes are not pure fractions of these structures. 
Even in a relatively homogeneous tissue like liver a differential 
centrifugation cannot yield more than a rather crude separation 
of the intracellular particles. The brain is a much more complex 
tissue, containing such different structural elements as the various 
types of neurones, neuroglia, etc. In spite of these uncertainties 
Bropy and Barn (1952) have presented histological and biochem- 
ical evidence showing that the mitochondria- and the microsome- 
fractions obtained from brain by their procedure II contain mainly 
particles that are structurally and metabolically equivalent to the 
corresponding particles isolated from liver. The supernatant fluid 
contains only a few small particles, while the nuclear fraction is 
contaminated with mitochondria; it is therefore not surprising that 
this fraction does not differ significantly from the mitochondria 


fraction. 
Summary. 


Total phospholipide, sphingomyelin, cephalin, and lecithin 
have been determined in rat brain homogenate and in the various 
cellular fractions obtained by differential centrifugation in isotonic 
sucrose. 

It was found that the concentration of all phospholipide frac- 
tions, expressed per mg total nitrogen, was considerably lower in 
the supernatant fluid than in any of the particle fractions. Sphingo- 
myelin and cephalin were localized mainly in the mitochondria 
(large granules), whereas the concentration of lecithin was highest 
in the microsomes (small granules). The phospholipide composition 
of the nuclei could not be established satisfactorily, since this 
fraction was too impure. 

Comparison between brains from normal rats and rats in in- 
sulin coma revealed no differences in the phospholipide compo- 
sition of the various cellular fractions. 
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The Response Spectrum of Taste Fibres in the 
Cat: A Single Fibre Analysis. 
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In a recent paper, LILJESTRAND and ZOTTERMAN (1955) obser: 
that certain taste fibres in the cat chorda tympani nerve we 
stimulated by a flow of water over the tongue. The water response 
was, in many respects, similar to that observed in taste fibres of 
the frog glossopharyngeal nerve (ZoTTERMAN 1949, ANDERSSON 
and ZOTTERMAN 1950). 

In the previous investigation the fibres responding to water were 
differentiated from those responding to hypertonic salt solutions 
though both kinds responded to acids. It is known from the 
observations of P¥FAFFMANN (1941) that many mammalian 
taste fibres respond to more than one chemical stimulus and it 
was felt that the response spectrum of the mammalian “water” 
fibres should be more rigidly defined. The mechanism by 
which a flow of water across a receptor membrane elicits nerve 
impulses in an associated afferent neurone is also of interest, par- 
ticularly when it is known that the mechanical factor is not re- 
sponsible. Knowledge of the necessary ionic exchanges involved ir 
‘“‘water’’ receptor stimulation may provide additional informatio1 
concerning the chemical requisites of excitation and inhibition. 

1 Postdoctoral fellow of the U.S. National Science Foundation. Address after 
—" 1, 1955: Dept. of Biology, Harvard University, Cambridge 38, Mass. 


* On leave from Physiological Department, Tokyo Medical and Dental Uni- 
versity. 
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It was also desired to evaluate the possible physiological réle 
‘the ‘‘water” fibre and to determine how the water response may 
integrated into peripheral and central aspects of taste sensation. 
his requires that the adequate stimuli of other taste fibres, in 
addition to the “‘water” fibre, must be well defined. 
The present investigation is therefore concerned with a single 
fibre analysis of the cat chorda tympani taste fibres in the hope 
that certain of these questions may be clarified. 


Materials and Methods. 


A total of 28 cats were used in this study. The animals were anaesthe- 
tized by intramuscular injection of a chloralose-urethane solution 
(0.05 g chloraluse and 0.25 g urethane in 7 ml of Ringer’s solution per kg 
body weight). 

In order to expose the central portion of the right chorda tympani 
nerve after its exit from the bulla, the right mandible was resected 

“lowing the chorda tympani to be dissected free and cut approximately 
3m central to its junction with the lingual nerve. 
the lingual nerve was cut just central to its junction with the chorda 
‘mpani and dissected free for approximately 7 mm distal to this 
function. The cut central end of the lingual nerve together with the 
attached central portion of the chorda tympani were lifted into a small 
lucite chamber which was positioned adjacent to the exposed nerves. 
After filling the chamber with Ringer’s solution at 37° C, the epineural 
sheath of the chorda tympani nerve was removed under a dissecting 
microscope and the nerve divided into 5 or 6 bundles. Each bundle 
was then dissected until a few or single fibre preparation was ob- 
tained. 

For recording the action potentials from chorda tympani nerve fibres, 

most of the Ringer’s solution was drawn out of the chamber and paraf- 


fin oil at 37° C was layered over the remaining Ringer’s. The nerve 
bundle was placed across a platinum wire electrode which was then 
lifted up into the paraffin. An indifferent electrode made contact with 
the remaining Ringer’s solution in the chamber. The electrodes were 
connected to a 4-stage, RC coupled preamplifier and the amplified 
action potentials then recorded on a cathode ray oscilloscope. A loud- 
speaker was also used to monitor the nerve activity. 

Solutions were initially applied to the tongue with a syringe in order 
to locate the 56 mm region innervated by the particular nerve fibre 
under observation. A special burette was then fixed rigidly in position 
with its tip approximately 5 mm above the predetermined sensitive re- 
gion of the tongue. Fifteen ml quantities of the test solution were used 
for each trial and the burette and tongue were flushed with Ringer’s 
solution between each application. It required 3 seconds to empty 15 ml 
of solution, providing an average flow rate of 5 ml per second. The flow 
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was not constant during any single trial using this method because th 
height of the fluid column dropped to zero as the burette emptied 
However, the rate of flow followed the same time course in all th 
trials thus enabling a comparison of the effects of different fluids. B; 
making the hole in the stopcock barrel and the burette nozzel the sam 
diameter, no air was trapped between the barrel and the nozzel thu 
preventing irregularities of fluid flow from one trial to the next, 
When a constant velocity flow was required, as in the adaptation ex- 
periments, a 2 liter reservoir of the test fluid was connected to the burette, 
The rate of flow from the reservoir was adjusted to equal that from 
the burette at the 15 ml level. Thus the height of the fluid column in 
the burette could be maintained relatively constant for 30 seconds or 
longer, thereby providing a flow of fluid over the tongue at constant 
velocity. The relatively slight drop in the height of the fluid column in 
the reservoir can be neglected under these conditions. 

As the surface of the exposed tongue is at a temperature of 26—28° (, 
all solutions were maintained at 26—28° C by immersion in a water bath 
in order to avoid stimulating thermoreceptors whose axons run in the 
chorda tympani nerve (Dopt and ZoTTERMAN 1952). 

The hydrogen ion concentration of all solutions was determined at 
the end of each experiment using a Beckman model G pH mete 
Distilled water ranged from pH 5.7 to 7.1. The various inorganic aiu 
organic salt solutions ranged from pH 6.0 to 7.7, while the quinine so- 
lutions extended from pH 6.5 to 7.7. The solutions used specifically to 
examine the effect of high hydrogen ion concentration were unbuffered 
in order to avoid any possible effect of the buffering ions. The pH of 
these solutions was determined immediately after they were used. 

By placing the tongue outside of the buccal cavity and rinsing it 
frequently with Ringer’s solution, it was kept relatively free of saliva. 
Any possible buffering action by the saliva was avoided by this pro- 
cedure. 


Results. 


Whole nerve response. A continuous discharge of impulses is 


observed when recording from the entire chorda tympani nerve. | 


Fig. 1 shows the effect of various solutions flowed over the tongue 
upon the impulse traffic in the chorda tympani. Distilled water 
and 0.5 M NaCl each cause a prolonged increase in activity. 


Ringer’s solution or 0.28 M sucrose in Ringer’s solution elicit no | 


change in the level of spontaneous activity. A solution of 0.009 M 
quinine hydrochloride made up in distilled water causes a prolonged 
massive discharge of greater magnitude than the response caused 
by distilled water alone (cf. Fig. 1 A & E). Hydrochloric acid in 
Ringer’s solution at pH 2.5 or below causes a response similar to 
that evoked by quinine hydrochloride. 
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A 0 


‘tg. 1. Response of the whole chorda tympani nerve to various solutions flowed 
over the tongue. A, distilled water; B, 0.5 M NaCl; C, Ringer’s solution; D, 0.28 M 
sucrose in Ringer’s solution; E, 0.009 M quinine hydrochloride in water. The flow of 
solution continued beyond the end of each record. Note spontaneous activity 
preceding stimulus artifact and the absence of response in C and D. Time marker 

50 cycles. 


The magnitude and duration of the water response indicate that 
it should be considered on a level of physiological validity similar 
to the responses evoked by more well known chemoceptive 
stimuli. 


Single fibre analyses. 


“Water” fibre. In 12 cats we obtained 14 preparations containing 
a functional single fibre which responded to distilled water. Fig. 2 
illustrates the water response in 2 different single fibres. An absence 
of spontaneous activity is characteristic of this fibre type although 
they may occasionally be active at frequencies of 1 to 3 per second 
in the absence of stimulation. The response to water appears de- 
pendent upon an actual flow of water over the tongue. The water 
response persists for a short time after the flow has ceased but 
the decline in frequency is more rapid than in other chemoceptive 
fibre types following cessation of flow of their adequate stimulating 
solutions. The dependence upon rate of flow over the tongue 
can not be due to any mechanical effect because a similar flow 
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Fig. 2. Response of single chorda tympani ‘“‘water” fibres to various solutions 
flowed over the tongue. Records A—C from same single fibre: A, distilled water; 
B, 0.5 M NaCl; C, 0.02 M quinine hydrochloride in Ringer’s. Records D—F, from 
a different single fibre, illustrate the depressing effect of acid upon the subsequent 
water response: D, distilled water; E, HCl in Ringer’s solution at pH 1.5; F, distilled 
water applied 30 sec. after the acid. Arrow in F indicates when first drop hit 
tongue. This is shown by downward artifact in other records. The flow of solution 
continued beyond the end of each record. Note absence of spontaneous activity. 
Time marker 50 cycles. 


of a number of other solutions, including Ringer’s, does not 
evoke such a response. 

In addition to their response to water, these fibres are also char- 
acterized by a sensitivity to quinine hydrochloride (Fig. 2 C), and to 
mineral acids such as HCl (Fig. 2 E). The quinine threshold varies 
from fibre to fibre and ranges from 0.009 M to 0.002 M. The 
threshold for HCl ranges from pH 2.0 to 2.5. 

The application of HCl at pH 2.5 or lower has a definite depres- 
sing effect upon the subsequent response to water (cf. Fig. 2 D & F). 
Both the initial frequency and the duration of the water response 
are decreased by previous application of acid. The acid depres- 
sion lasts for approximately 10 minutes although some prepara- 
tions did not show a complete recovery of water sensitivity for 
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Fig. 3. Response of a single chorda tympani “‘water”’ fibre to varying concentrations 
of NaCl (solid curve) and the response of a different single “water” fibre to sodium 
acetate (broken curve). Each point represents the number of impulses during first 
second after initiation of the response. As the magnitude of the water response 
differed slightly between the 2 fibres, the sodium acetate curve was adjusted by 
taking the water response of the fibre tested with NaCl as 100 per cent. Note that 
the activity is completely depressed by NaCl concentrations above 0.03 M, while 
sodium acetate elicits a response approximately similar to water. 


as long as 30 minutes after application of HCl at pH 1.5. It is 


interesting to note that the application of acid does not affect 
tions. Acid depre ily to the water response indicating 
that either separate receptors or distinct loci on the same receptor 
“Tespond to water and acid respectively. 

These fibres do not respond to NaCl solutions above a concentra- 
tion of 0.03 M nor to a 0.28 M sucrose solution made up in Ringer’s 
solution. However, a 0.28 M sucrose solution in water elicits a 
response similar to that evoked by water alone, indicating that 
low osmotic pressure per se is net important in eliciting the water 
response, thus confirming LitJesTRAND and ZOTTERMAN (1955). 

Figure 3 illustrates the respons» of one ‘‘water” fibre to varying 
concentrations of NaCl and of another ‘‘water” fibre to varying 
concentrations of sodium acetate. It appears that NaCl in concen- 
trations above 0.03—0.04 M depresses the activity of the ‘‘water” 
fibre. Other salts in equimo:ayv anion concentration such as NaBr, 
NaI, NaNO,, CaCl,, KCl and choline chloride have the same 
effect as NaCl. Sodium acetate, in contrast, has very little depres- 
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Fig. 4. The solid curve shows the adaptation of a single chorda tympani “water” 

fibre to water flowing over the tongue at a constant rate of 5 ml per sec. The broken 

curve shows the adaptation of a single chorda tympani “‘salt’’ fibre to 0.5 M NaCl 

flowing over the tongue at a similar rate. Each point represents the number of 
impulses during a one second interval. 


sing action upon the ‘‘water’’ fibre. Concentrations approaching 
0.5 M still elicit responses similar to that evoked by distilled water. 
Sodium formate acts similar to the acetate solutions. 
Occasionally a single “water” fibre responded slightly to NaCl 
solutions at concentrations of 0.5 M or above. The response to 
strong salt solutions had a relatively long latency and consisted 
of a brief grouped discharge at a frequency less than one third 
of the maximum water response. A similar occasional hypertonic 
salt response was observed in frog “water” fibres by ANDERSSON 


and ZoTTERMAN (1950). 
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Fig. 5. Response of single chorda tympani “salt” fibre to various solutions flowed 
over the tongue. A, 0.5 M NaCl; B, distilled water. Arrows mark approximately 
when first drop hit tongue. The flow of solution continued beyond end of each 
| record. Note presence of spontaneous activity. Time marker 50 cycles. 


| The adaptation of a single “water” fibre to a constant flow of 

distilled water over the tongue is shown in the graph of Fig. 4. 
’ Adaptation occurs relatively rapidly but the frequency never de- 
creases to the pre-stimulus level. 

“Salt’”’ fibre. This fibre type is characterized by its sensitivity 
to hypertonic salt solutions. It also responds to acid in a manner 
° similar to the previously described ‘‘water’’ fibre but does not 
respond to distilled water (Fig. 5). Application of acid does not 
depress subsequent responses to salt in the same fibre. In contrast 
Fs to the “‘water” fibres, this fibre type was usually spontaneously 
2 active at an average frequency of 5 impulses per second. 

Figure 6 shows the response of a single ‘‘salt”’ fibre to varying 
concentrations of NaCl and choline chloride. The threshold to 
oken NaCl is about 0.1 M. Other inorganic chloride salts such as KCl 


nage and CaCl,, in equimolar chloride concentration, all evoke responses 
similar to NaCl. A series of different sodium salts was examined 

to determine the effect of the anion on “‘salt”’ fibre activity and it 

ng was found that Cl was most effective; the Br , I and acetate 

ter. ions elicit slightly lower responses than the Cl ion, while NO, , 

| below a concentration of 0.5 M, does not stimulate at all. 

aCl Choline chloride had a remarkably strong stimulating effect on 


| to ' the “salt” fibre as depicted in the broken curve of Fig. 6. It is 
ted , seen that concentrations as low as 0.009 M elicit a response similar 
ird to that evoked by 0.5 M NaCl. This is in contrast to the “water” 
ane fibres which respond to choline chloride just as to any other chlo- 
‘ON "ride salt. The high sensitivity to choline chloride was observed in 

most “‘salt’’ fibres although occasionally one was obtained which 


22 —553010. Acta phys. Scandinav. Vol. 33. 
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Fig. 6. Response of single chorda tympani “salt” fibre to varying concentrations 

of NaCl (solid curve) and choline chloride (broken curve). Each point represents 

the number of impulses during first second after initiation of the response. Note 
the extreme sensitivity to choline chloride. 


did not show such a hypersensitivity but responded to choline 
chloride in a manner similar to any other chloride salt. 

The adaptation of a single “‘salt”’ fibre to a constant flow of 0.5 M 
NaCl over the tongue is shown in Fig. 4. It is seen that this fibre 
type has a much slower rate of adaptation than the “water” fibre. 
The “salt’’ fibre response does not appear as dependent upon the 
rate of flow of solution over the tongue as the “water” fibre. This is 
demonstrated by the longer persistence of the “‘salt”’ fibre response 
after flow of the effective stimulus has stopped. The “‘salt”’ fibre 
response is abolished by a Ringer’s solution rinse. This fibre type 
appears similar to the salt-acid fibre described in the cat by 
PFAFFMANN (1941). 

“Quinine” fibres: Single functional fibres were observed which 
responded primarily to quinine hydrochloride solutions. The thresh- 
old was approximately 0.002 M. As seen in Fig. 7, these fibres are 
relatively insensitive to acid, as they respond very little to HCl 
at pH 2. There was no response to 0.5 M NaCl, distilled water 
or 0.28 M sucrose made up in either Ringer’s solution or water. 
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Fig. 7. Response of a single chorda tympani “quinine” fibre to various solutions 

flowed over the tongue. A, 0.009 M quinine hydrochloride in Ringer’s; B, 

distilled water; C, 0.5 M NaCl; D, HCl in Ringer’s solution at pH 2. Note{the 
relatively small response to acid shown in D. Time marker 50 cycles. 


Choline chloride also was ineffective. These ‘‘quinine”’ fibres differ 
from the quinine-acid fibres described by PrarrMann (1941) in 
that they are relatively insensitive to strong mineral acids. 

“Acid” fibres: On 2 occasions, functional single fibres were ob- 
tained which responded only to mineral acids at pH 2.5 or lower. 
They did not respond to any other test solutions previously men- 
tioned. These fibres are probably similar to the acid fibres described 
by PraFFMANN (1941). This author described a ‘‘transient response” 
in acid fibres elicited by applying distilled water to the tongue with 
a brush. In contrast we did not observe any ‘‘acid’’ fibre response 
to distilled water flowed over the tongue. 


Discussion. 


Physiological role of the ‘‘water” fibre. The magnitude and dura- 
tion of the water response in certain fibres of the chorda tympani 
nerve indicate that this response should be considered as a 


, physiologically valid occurrence. The existence of ‘‘water”’ fibres 


provides a means of extending the range of peripheral saline 
sensitivity beyond the concentration limits covered by the 
“salt” fibres. This is indicated in the composite graph of Fig. 
8. As the salt concentration falls below 0.1 M the ‘‘salt”’ fibres are no 
longer sensitive to changes in saline concentration. If the water 
fibres were not present, then no means would exist for the periph- 
eral discrimination between distilled water and salt solutions 
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Fig. 8. Response of a single chorda tympani “water” fibre (solid circles) and a 

single “salt’’ fibre (open circles) to varying concentrations of NaCl. Each point 

represents number of impulses during the first second after initiation of the 
response. 


IMPULSES PER SECOND 


below approximately 0.1 M. The presence of the ‘‘water” fibre, 
however, may provide a means for discrimination in the 0.1 M 
salt to distilled water range by the following means. The region 
between 0.1 M salt (where the ‘‘salt” fibre response ends) and 0.03 
M salt (where the ‘‘water” fibre response begins) could be signalled 
by the spontaneous activity of the ‘‘salt’’ fibre and the lack of 
activity in the ‘‘water” fibre. Saline concentrations below 0.03 M 
are indicated by the progressively increasing activity of the water 
fibre. It may be that discrimination is lacking within the region 
extending from 0.03 M salt to distilled water and that this segment 
of the saline range is interpreted centrally simply as ‘‘water”. The 
presence of ‘‘water’’ fibres in addition to ‘‘salt” fibres therefore 
appears to extend saline sensitivity from the extreme hypertonic 
region to the extreme hypotonicity of distilled water, thereby cov- 
ering the entire physiologically significant saline range. 
SKRAMLIK (1926) reported that in humans, salt solutions below 
0.03 M taste sweet and that ‘‘saltiness”’ appears only with concentra- 
tions above 0.03 M. Although it may be dangerous to generalize 
from cat receptor-threshold to human sensation, it is nevertheless 
intriguing that a salty taste is evoked in humans only when a saline 
concentration is reached where the cat ‘‘water’’ fibres are completely 
depressed. This may indicate that the salty sensation evoked by 
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relatively low salt concentrations is due to the absence of activity 
in “water” fibres. 

Discrimination within an entire stimulus range by two distinct 
fibre types with frequency maxima at opposite ends of the range is 
similar to the way the thermo-reception problem has been solved 
(see ZOTTERMAN 1953). The warm fibres of the thermoceptive sys- 
tem can be considered analogous to the ‘“‘salt’’ taste fibres in that 
both respond only in the relatively high intensity region of their 
respective stimulus range. The ‘‘water” fibre plays a réle similar 
to the cold fibre by responding in the low intensity region. Thus 
for at least two exteroceptive systems, adequate discrimination 
within the entire physiologically significant stimulus range is 
beyond the capability of a single receptor; the general solution of 
employing two distinct fibre types which respond in opposite 
regions of the sensitive range has been evolved as a solution for 
this problem. 

Fibre type and taste sensation. The observation that acid as well 
as quinine stimulates the “water” fibre raises the question of 
specificity of fibre types. PrarrMANN (1941) found that acid stim- 
ulated, with equal facility, all taste fibre types which he observed 
in the cat. He took this as evidence that the acid taste results 
from a general stimulation of all taste fibre endings and emphasized 
the point that taste sensations result from the total input pattern 
in several fibre types rather than the activity of a single specific 
kind of fibre. In general our results bear out the conclusions of 
the previous author with respect to the importance of input 
pattern, however, certain modifications seem indicated. 

We have observed 4 distinct taste fibre types in the cat chorda 
tympani nerve in contrast to the 3 types described by PFAFFMANN 
in the cat glossopharyngeal and chorda tympani nerves. The 
‘‘water’’ fibre described in the present study may very likely be the 
same fibre designated as the quinine-acid fibre by PFAFFMANN. 
Certainly the quinine and acid thresholds are quite similar. The 
previous author, however, did not state whether or not he tested 
this fibre type with distilled water or low concentration saline 
solutions. Also the method of stimulation used by this investigator 
consisted in applying solutions with a small brush and this may 
have prevented observation of the water response because of its 
dependence upon the rate of flow of solution over the tongue. The 
frequent application of acids below pH 2.5 may also have hindered 
observation of the water response due to the prolonged depressing 
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action acid exerts on the ‘‘water’”’ receptor endings. The transient 
occasional response to distilled water occurring in the specific acid 
fibres described by PFaFFMANN (1941) can not be considered the 
same as the water response discussed in the present paper for 
the following reasons: 1) It was of relatively low frequency and brief 
duration, 2) it occurred in a fibre type not responsive to quinine 
or to sodium acetate, both of which stimulate the ‘“‘water’”’ fibre 
described in the present paper, 3) PrAFFMANN states that the acid 
fibre was sensitized to water by previous acid stimulation while the 
presently described ‘‘water” response is markedly depressed by 
acid. 

Despite the fact that quinine and acid can stimulate the fibre 
type mediating the water response, it is felt that in life this fibre 
type is most frequently activated by a flow of aqueous solution 
over the tongue and thus the designation of “‘water’’ fibre best 
describes its physiological rdle. 

A fibre type responding primarily to quinine has not been de- 
scribed previously. The specific ‘“‘quinine” fibre observed in this 
study differs from PFAFFMANN’Ss quinine-acid fibre by its very low 
sensitivity to acid. The response to acid shown in Fig. 7 D, while 
small, is greater than usually observed in this fibre type. Often 
no response was seen to HCl at pH 1.5. It is important to note 
that the ‘‘quinine”’ fibre does not respond to distilled water. We did 
not begin applying quinine to the tongue in preparations not re- 
sponding to any of the other stimuli until the last two experiments 
of this study. However, when quinine was applied to such prepa- 
rations (which we previously considered to have no functional fi- 
bres) a specific quinine response was often demonstrated. This in- 
dicates that there may be a relatively large number of the spe- 
cific “‘quinine’’ fibres in the cat chorda tympani nerve. It is interest- 
ing to note that PrarrMANN (1953) described a greater quinine 
sensitivity in cat taste receptors as compared to those of the rat 
rabbit. 

It is apparent that even the so-called primary taste sensations 
are built up from the composite input pattern of several different 
taste fibre types. Table I summarizes the possible relationship 
between impulse pattern and taste sensation for the fibre types 
described in this study. 

In this study no response to sweet solutions was seen in few 
or single fibre preparations. In animals such as the dog where 
specific “sweet”? fibres have been demonstrated (ANDERSSON, 
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Table I. 
Fibre type response. 


‘*‘Water”’ “Salt” *‘Acid’”’. | “Quinine” | Sensation 
Stimules | fibre | fibre fibre fibre | evoked 
| | 
(salt <0.03M)) | 0 0 0 |> Water 
NaCl (0.05 M).... 0 | ao 0 0 > Salt 
(pH 2.5)..... + | + | + 0 |->Sour 
| 0 0 | + > Bitter 


LANDGREN, OLsson and ZOTTERMAN 1950) they would readily fit 
into the above scheme. If it is assumed that sweet substances are 
usually carried in an aqueous solution, then a sweet sensation 
would be evoked when the ‘“‘sweet’’ and ‘“‘water’” fibres were 
simultaneously stimulated. 

Even with stimuli which activate only one fibre type respectively 
such as water and NaCl, the impulse pattern still must be con- 
sidered important in that the lack of response in the other taste 
fibres is necessary for the arousal of a water or salt sensation. It 
appears that the activity of the 2 fibre types which respond only 
to one stimulus, 7. e., the “‘quinine”’ fibre and “‘acid”’ fibre, dominate 
the “‘water” fibre activity centrally during simultaneous stimu- 
lation. Thus a bitter taste results when the ‘‘quinine”’ and ‘‘water” 
fibres respond simultaneously; a water taste is aroused when the 
“water” fibres alone are stimulated. 

Receptors involved. The observation that different stimuli initiate 
impulses in the same single fibre raises the problem of receptor 
specificity. PFAFFMANN (1941) mentioned the possibility that differ- 
ent receptors may be connected to the same fibre. An alternative 
possibility is that the same receptor may be commonly stimulated 
by several different chemicals. In order to investigate this question 
the technique of selective adaptation was utilized. A single functional 
“water” fibre was adapted to water by a constant flow of distilled 
water over the tongue. A solution of 0.009 M quinine hydrochlo- 
ride in distilled water was then applied to the same receptive field 
of the tongue and caused a burst of impulses in the associated 
“water” fibre. A similar application of water following previous 
water adaptation did not cause any burst of impulses. It should 
be recalled that when the water response is depressed by previous 
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application of acid, the response to subsequent acid stimulation is 
unimpaired. These findings suggest that different kinds of receptors 
may be attached to the same “‘water’’ fibre; one type responds to 
quinine while the other responds to a flow of water. A less likely 
possibility is that water and quinine act on different sites of the 
same receptor. We can not decide between these possibilities 
with the information available; it can only be concluded that 
water and quinine initiate impulses in the ‘‘water” fibre by different 
means. 

The mechanism of water stimulation. It is not known whether 
the “water” receptor consists of free nerve endings or whether it is 
associated with taste buds; for this reason we will use the term 
“receptor” or “receptor membrane” to mean the structure in which 
the initial excitatory process is evoked. 

The necessity of a flow of water over the receptor surface suggests 
that removal of ions from the external environment of the receptor 
membrane is important for stimulation by water. Simple osmotic 
pressure per se is ruled out as a stimulating factor because aqueous 
isotonic solutions still cause a response. The electrolyte equilibrium 
may be disturbed by a rapid water flow such that ions are drawn out 
across the receptor membrane. As suggested by LILJESTRAND 
and ZOTTERMAN it is this outward ionic flux that appears te 
initiate the excitatory process. Depression of “‘water”’ fibre activity 
may result from the reciprocal process of ions moving inward 
across the receptor membrane due to a high external ionic concen- 
tration. It seems that the anion is the critical factor in this process. 
Choline chloride behaved similar to the inorganic salts while high 
concentrations of organic sodium salts failed to depress the ‘‘wa- 
ter’ receptor. The failure of organic anions, such as acetate and 
formate, to depress the ‘‘water’’ receptor may be due to their 
inability to penetrate the membrane. This further indicates that 
it is the inward anionic flux that depresses ‘‘water’’ receptor activ- 
ity. Under physiological conditions the most likely anion involved 
in water receptor excitability is the chloride ion. Thus in this re- 
ceptor type it may be that an outward flow of chloride ions 
facilitates while an inward flow inhibits the excitatory process. 

It may be thought that the stimulation of the “‘salt”’ and ‘‘water’’ 
receptors involve mirror image processes such that an inward flow 
of anions stimulates the former and inhibits the latter. Such is 
not the case, however: NO , does not stimulate the “‘salt’’ fibre but 
is as effective as any other inorganic anion in depressing the ‘‘wa- 
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ter’ fibre; similarly choline has a specific stimulating effect on the 
“salt”? receptor while no such effect was observed on the ‘‘water” 
receptor. We must conclude, therefore, that excitation in the 
“salt” and ‘‘water’’ receptors involves fundamentally different. 


mechanisms. 


Summary. 


1. Taste receptors in the cat’s tongue were analyzed by recording 
from single afferent chorda tympani nerve fibres while applying 
various sapid solutions to the tongue. 


2. Single fibres were observed which responded to the flow of 
distilled water over the tongue. The activity of these ‘‘water’’ fibres 
was depressed by various inorganic salt solutions with an anion 
concentration above 0.03 M. Organic sodium salts, in contrast, 
stimulated this fibre type in a manner similar to distilled water. 


3. The ‘‘water’’ fibres were also stimulated by quinine hydro- 
chloride and mineral acids below pH 2.5. 

4, Single ‘‘salt”’ fibres were observed which responded to various 
salts above 0.1 M concentration. These fibres were also stimulated 
by acid. 

5. Another fibre type responded primarily to quinine chloride 
and very little if at all to strong acid. The ‘‘quinine” fibre was not 
stimulated by hypertonic salt solutions or by distilled water. 


6. The fourth fibre type found responded only to acids below 
pH 2.5. 

7. It is proposed that the presence of the ‘‘water”’ fibre extends 
the sensitivity to salt solutions beyond the concentration limits 
served by the “‘salt’’ fibres thus enabling discrimination of salt 
concentration over the entire physiologically significant saline 
range. 

8. The importance of impulse pattern is discussed and a scheme 
presented illustrating the possible relationship between afferent 
impulse pattern and the evoked taste sensation. 

9. The possible mechanism of stimulation by water is discussed 
and a view presented that the outward flow of anions across the 
receptor membrane stimulates while an inward flow depresses 
“water” fibre activity. 
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A Further Study of Polydipsia Evoked by Hypo- 
thalamic Stimulation in the Goat. 
By 
BENGT ANDERSSON and S. M. McCANN. 
Received 17 December 1954. 


It has been reported earlier that hypertonic sodium chloride 
solutions could produce primary polydipsia when injected into a 
certain region of the hypothalamus of the goat (ANDERSSON 1952, 
1953). The injection of about 0.1 ml of a 1.5 to 2 % sodium chlo- 
ride solution into the medial hypothalamus induced the animals 
to drink large volumes of water in many cases. In order if possible 
to obtain a more precise localization of the portion of the hypo- 
thalamus concerned with this response, microinjections, as re- 
ported in the following, were performed. Since it has been impos- 
sible to determine the effective spread of these injections and the 
effect obtained often has been difficult to repeat, the study has 
also been extended to include electrical stimulation. 


Methods. 


Full grown, female goats were used for the experiments. Microinjec- 
tions into the hypothalamus were performed according to a method 
described elsewhere (ANDERSSON and Larsson 1955). For electrical 
stimulation, Hess’ technique (1932, 1949), somewhat modified for use 
in goats (ANDERSSON 1951) was used. Three electrodes could be stim- 
ulated, either simultaneously or individually, at a given depth in the 
hypothalamus with this technique. 

Parts of the experiments were filmed. The films are available on 


request. 
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To obtain precise records of urine flow, the animals were occasionally 
placed in a modified Pavlov stand, and the diuresis was recorded with 


99 


the aid of a “Dowse’s” selfretaining catheter. 

Blood samples were taken from the jugular veins. The hematocrit 
value was determined by centrifugation of 10 ml samples in graduated 
tubes at 4,000 r. p. m. for 20 minutes, using heparinized blood. Blood 
glucose was determined by the method of Foiin and Wu (1930). 

Sodium and potassium analyses in plasma and urine were made using 
the EEL flame photometer. Plasma chloride determinations were made 
according to the silver nitrate method of Van SLYKE (1923), and urine 
chloride according to the Volhard method (PETERS and VAN SLYKE 
1932). 

Histological technique. After killing the goats by decapitation, the 
heads were perfused with Bouin’s fixative. After fixation in Bouin’s 
and paraffin imbedding, the hypothalamus with attached pituitary was 
serially sectioned and stained by Gomori’s chrom alum hematoxylin 
method (Gomori 1941) as described by BaramMann (1950). The locali- 
zation of the effective points of stimulation was in most cases facilitated 
by the injection of minute amounts of 1 % osmium acid or by electro- 
coagulation just prior to killing the animals. 


Results. 


A. Microinjections into the hypothalamus. 


Injections of 0.003 to 0.01 ml of 2 to 3% sodium chloride 
solutions into different parts of the hypothalamus were made in 
16 experiments. The injection technique made it possible to 
inject the solutions at several locations in each experiment. The 
area of the hypothalamus where injections of this kind had an 
obvious polydipsic effect was more restricted than that found when 
using larger amounts of hypertonic saline (ANDERSSON 1953). 
This area is projected on Figures 1 and 2. Microinjections into other 
regions of the hypothalamus failed to produce polydipsia, however, 
no systematic exploration has been made of the region just dorsal 
to that which induced drinking. 

Positive results were obtained from one or more points of 
stimulation in 8 of these experiments. The volume of water 
drunk as a consequence of such injections varied between 2 to 8 
liters. The time of onset of drinking varied between 30 to 60 sec- 
onds after the injection, and the goats drank more or less con- 
tinuously for two to five minutes thereafter. The effect was, 
however, not always repeatable on renewed injection. It could be 
obtained three times at the most. Other effects such as increased 
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Fig. 1. A diagram of a sagittal section through the hypothalamus of the goat at 
the level of Columna fornicis descendens and Tractus Vicq d’Azyr. 

The dotted area represents the region of the hypothalamus where microinjections 
of hypertonic NaCl solutions had a polydipsic effect. 

The black area represents the locus where electrical stimulations caused drinking. 
(The white circles within this area mark the points where the most obvious poly- 
dipsic effect was obtained by electrical stimulation; exp. I and II in the text.) 

The level of a horizontal section shown in Fig. 2 is indicated by the line labelled 2. 
€.a.: Commisura anterior. 

f.d.: Columna fornicis descendens. 
€. M.: Corpus mammillare. 

Ch. O.: Chiasma opticum. 

Ep.: Epiphysis cerebri. 

Inf.: Infundibulum. 

V. d’A.: Tractus Vieq d’Azyr. 


food intake, licking, etc., were also seen in some cases following 
the injections, but in many cases there were no observable effects 
other than drinking. 

The most obvious polydipsia was obtained in two experiments. 
These two goats drank 6 and 8 liters of water, respectively, asa 
result of the injections. Especially if the stimulus was repeated 
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Fig. 2. A diagram of a horizontal section of the hypothalamus of the goat at the 
level indicated by the line labelled 2 in Fig. 1. 

The dotted area on the left side represents the region where microinjections of 
hypertonic NaCl solutions produced polydipsia. 

The dotted area on the right side represents the area where electrical stimula- 
tion caused drinking. (The white circles within this area mark the points where 
the most obvious polydipsic effect was obtained by electrical stimulation; exp. 
I and II in the text.) 

C. f. d.: Columna fornicis descendens. 
P. C.: Pedunculus cerebri. 

V.d’A.: Tractus Vicq d’Azyr. 

Tr. M.: Tractus Meynert. 

N. P.: Nucleus Paraventricularis. 
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after such overdrinking, the subsequent water diuresis was more 
delayed in onset and associated with greater hemodilution than 
seems to be the case when equivalent amounts of water are admin- 
istered to goats by ruminal fistula (ANDERSSON 1955). 


B. Electrical stimulation of the hypothalamus. 


This type of stimulation was carried out in 7 experiments on 6 
goats with the aim to study the water intake. In each experiment, 
many points in the hypothalamus were stimulated. Polydipsia 
was obtained from 5 different points of stimulation. These points 
were found to lie within a strictly limited area between Columna 
fornicis descendens and Tractus Vicq d’Azyr, at the horizontal 
level of the middle of the hypothalamus (Figs. 1 and 2). The most 
striking polydipsic effects were obtained in two goats. The 
points of stimulation in these two cases were immediately 
adjacent to each other. Their location is shown in Figs. 1 and 2. 

The following abbreviated protocols of these two experiments 
document more fully the remarkable reproducibility of the phenom- 
enon. 


I. Dec. 3, 1954 Goat ““G’’. Weight: 39 kg. 
Time: 

11.45 Operation completed, animal in good condition. 

12.00—15.00 Stimulations 1 to 2 mm from the point which later gave 
the most pronounced drinking induced drinking of approx- 
imately 3 liters of water. Since stimulation was not 
always effective, the electrodes were then moved slightly. 

15.03—15.25 The animal drank during each of 6 consecutive stimula- 
tions by the most rostral of the three electrodes (stimulus 
strength 0.5—1.0 Volt, 50 cycles/sec.). The time of la- 
tency before the onset of drinking varied between 9 and 
25 seconds. The stimulations were continued for 10 to 20 
seconds after drinking had started. The goat stopped drink- 
ing 2 to 3 seconds after cessation of stimulation. Five 
liters of water were consumed during the 6 stimulations. 

15.27 After 2 more effective stimulations, the stimulus was 
repeated as above, but the animal was now offered a 
mixture of urine and water. She started to drink after 
10 seconds and continued to drink steadily during the 8 
seconds the stimulation was continued and for 2 seconds 
thereafter. By this time the animal had drunk an addition- 
al 2 liters of water. 
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16.53 


Dec. 4, 9.20 


11.00 
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After another positive stimulation at this point, she was 
again stimulated for 4 minutes in an attempt to produce 
extreme overhydration.. During this period she drank 
with occasional short interruptions another 4.5 liters. 
Blood sample: Hematocrit 31, blood glucose 77 mg/100 
ml, plasma sodium 145 meq./l, plasma chloride 97 
meq./l, slight hemolysis was noted in the plasma. 
After two brief effective stimulations by the rostral 
electrode, a slight effect was obtained by the middle elec- 
trode, whereas stimulation by the caudal electrode at the 
same strength was completely ineffective. The animal 
now looked sick and exhibited rapid, shallow breathing, 
The goat had now drunk 16 liters during the whole course 
of this experiment. Her rumen was quite hard and 
distended by water (Fig. 3, I a). Large volumes of dilute 
urine were voided containing considerable hemoglobin. 
Blood sample: Hematocrit: 29.7, blood glucose: 84 mg/100 
ml, plasma sodium 140 meq./l, plasma chloride 94 
meq./l, marked hemolysis. 
Electrocoagulation was performed at the effective point 
of stimulation. The electrodes were then removed, and 
the animal was left overnight with free access to food 
and water. 
The animal appeared to be in good condition, having ta- 
ken no water overnight (Fig. 3, I b). A marked water 
diuresis was still in progress, and the urine contained con- 
siderable hemoglobin. It had a specific gravity of 1.002. 
Blood sample: Hematocrit 25, blood glucose 79 mg/ 
100 ml, plasma sodium 132 meq./l, plasma chloride 
59 meq./1. 
The goat was killed; at autopsy the rumen still contained 
a considerable volume of fluid. 


II, Nov. 16, 1954 Goat ‘‘E”. Weight: 40 kg. 


11.20 


Operation finished. For the volume of water drunk, the 
blood samples taken, and the urine voided during the 
first part of this experiment, see Table 1. 


11.30—15.30 At two points on the left side of the hypothalamus, stim- 


15.30 


ulation induced drinking of water, but the effect in 
one case was not repeatable and in the second could only 
be repeated once. Repeated stimulation at 6 points in the 
ventral hypothalamus at the same sagittal level on this 
and the opposite side of the brain failed to elicit drinking. 
Stimulation was performed at a new level more dorsal 
in the hypothalamus on the right side by all three electro- 
des simultaneously (1.5 Volt, 50 cycles/sec.) for 5 min- 
utes. After about 30 seconds of stimulation, the animal 
began to drink and drank almost continuously until the 
stimulus was discontinued. 
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Fig. 3. This figure contrasts the appearance of two goats (exp. I and II in text) 
after overhydration induced by electrical stimulation to their appearance 15 hours 
later when most of the water had been excreted. 


23--553010. Acta phys. Scandinav. Vol. 33. 
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Table 1. 
The amount of water drunk and the time course of the hemodilution and 
water diuresis induced by electrical stimulation in the hypothalamus during 
the first part of exp. II. (See teat.) 


| § Blood | Urine | 

| | | 3 = | | | 
| | | | © 
| | | | > DM | 
1954 | | 
Nov. 16th | | | 
ae | | 33 | 79 | 146) 4.5 | 106 | | 
..... | | 130 | 1.020 | 
13.01—14.17 ..... | | 108 | 1.025 | 
14.25—14.45 ..... | 3%, 
15.30—15.35 ..... | 6 | 
14.17—15.40 .....| 87 | 1.025 | 
31 67 141 4.0 | 100 
15.40—16.42 .....| | 190 | 1.015 | 
Soc 29 69 139 | 4.2 | 97 
..... | | | 250 | 1.003 | 
| 17.05—17.44 ..... | | 388 | 1.001 | 

| 

Nov. 17th | | | 

| | 

| 31 | 76 | 148/45 | | 
17.14 A new stimulation as above was again effective. The 


appearance of the goat at this time, overloaded with 
water, is compared with its appearance the following 
morning in Fig. 3, II. By this time she looked ill, probably 
as a result of the overdrinking. She was left overnight with 
the electrodes in situ and with free access to food and 
water. 

Nov. 17,9.00 The goat appeared to be in good condition and had eaten 
substantial amounts during the night. She had not drunk 
any water (Fig. 3, II b). 


10.10 Stimulation by the rostral electrode, strength as above, 
for 90 seconds induced no drinking. 
10.13 Stimulation as above at the caudal electrode was effective, 


and the animal drank 1 liter, until the stimulation was 
discontinued, when drinking ceased. 

10.15—10.29 Stimulation as above by the caudal electrode was carried 
out on 6 different occasions. After a short period of la- 
tency, varying between 10 and 30 seconds, the goat drank 
in all cases as long as the stimulus was continued. She 
continued to drink on the average for 3 to 4 seconds after 
the stimulation was discontinued. 


10. 
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10.40 Stimulation by the rostral electrode as above for 90 sec- 
onds induced no drinking. 

10.43 A stimulus delivered by the caudal electrode was again 
effective. 

10.45 On stimulating by the middle electrode for 90 seconds as 


above, the animal lowered her head to the water several 
times as if to drink but failed to do so. 

10.48 Stimulation by the caudal electrode was again effective 
efter 12 seconds latency. During the stimulations this 
morning, the goat had now consumed 5 liters of water. 

11.00 She was now stimulated by the caudal electrode as pre- 
viously and consumed during a period of 21/, minutes of 
stimulation 6 liters of water. She drank until cessation of 
stimulation. 

To study the eventual effect of stimulating at the effec- 
tive point on the water diuresis produced by the 11 liters 
of water she had now drunk, the animal was placed in a 
modified Pavlov stand with retention catheter in the 
bladder. No further stimulations were carried out for 
more than 2 hours. 

13.11 Stimulation was performed by the caudal electrode for 5 
minutes as described above. The goat drank water when 
it was offered 30 seconds after onset of stimulation and 
still wanted it just before the stimulation ceased. She was, 
however, only allowed to drink negligible amounts during 
this period. The stimulation caused a marked inhibition 
of her water diuresis and increased the urinary concentra- 
tion of electrolytes without altering the total electrolyte 
excretion (Fig. 4). 

15.25 Repeated stimulation by the caudal electrode once again 
induced drinking. During all stimulations at this most 
effective point, the goat was quite calm. The only associa- 
ted effect was occasional licking. The location of this point 
of stimulation is portrayed on Figs. 1 and 2. 


In general, the results from electrical stimulation have shown 
that in the goat this is a convenient, effective way to study hypo- 
thalamic polydipsia. The area concerned in this response could 
be more closely localized in this way (Figs. 1 and 2). The experi- 
mentally induced drinking from electrical stimulation could be 
repeated at will. The drinking was clearly related to the stimula- 
tion since it commenced 10 to 30 seconds after the onset of the 
stimulus and continued for only 2 to 3 seconds after the current was 
discontinued. Drinking once initiated characteristically continued 
throughout the period of stimulation. It was very forceful in char- 
acter and even diluted urine could be taken. Marked overhydra- 
tion up to 40 % of the body weight could result from these stimu- 
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1200 13.00 1400 1500 
Time Chours ) 


Fig. 4. The effect of an electrical stimulation producing polydipsia on the urine 

flow and urinary concentrations and excretion of sodium, potassium and chloride 

in exp. II. (Stimulation: 1.5 Volts, 50 cycles/sec. for 5 minutes.) No corrections 

have been made for dead space in the urinary tract. This probably accounts for 

the transient decrease in electrolyte excretion at the onset of the inhibition of the 
water diuresis. 


lations, accompanied by subsequent hemodilution and profuse 
diuresis. The hemodilution appeared to be more marked and the 
diuresis more delayed than that from administration of equivalent 
amounts of water through a ruminal fistula (ANDERSSON 1955). 
Stimulation at the same point where polydipsia was induced pro- 
duced a marked antidiuresis with a similar time course to that 
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following the intravenous injection of posterior pituitary extract 
to goats (Fig. 4) (ANDERssON 1955). This antidiuresis was not ac- 
companied by any significant change in urinary electrolyte ex- 
cretion. 

Drinking from electrical stimulation could occur in the absence 
of other demonstrable effects, but was associated at times with 
licking, exploratory activity, or turning movements. Similar 
effects were obtained from other regions of the hypothalamus in 
the absence of drinking. 


Discussion. 


Several hypotheses have been proposed to explain the sensation 
of thirst. Much evidence indicates that Cannon’s theory (1918) 
that the sensation arises from the mouth inadequately explains 
the feeling of thirst (BELLows and VAN WAGENEN 1939, STEGGERDA 
1939). According to another widely held theory, the sensation 
is closely correlated with cellular dehydration (GitMaNn 1937). 
Wo tr (1950) on the basis of his osmometric analysis of thirst has 
even postulated that ‘“‘osmoreceptors’’ such as those which probably 
govern the secretion of antidiuretic hormone (VERNEY 1947) might 
also regulate water intake. 

Evidence for the view that the hypothalamus might play a réle 
in the regulation of water intake was provided by the observation 
that primary polydipsia could be evoked by injections of hyper- 
tonic saline solutions into the hypothalamus of the goat (ANDERSs- 
son 1952, 1953). The choice of a ruminant animal such as the goat 
for experiments of this type appears to offer several advantages. 
The voluminous rumen can function as a fluid reservoir (ANDERS- 
son 1955), which permits consumption of large volumes of water 
before significant inhibitory influences from the distension of the 
digestive tract seem to suppress the thirst mechanism. Further- 
more, the placid goat is very well suited for hypothalamic stimu- 
lation in the conscious state. 

The microinjections reported here have more closely localized 
the region of the hypothalamus where stimulation of this kind 
can evoke drinking. As, however, other effects were sometimes 
seen in association with polydipsia from the injections, conclusive 
proof has not been obtained for the view that the osmotic stimulus 
was the adequate stimulus to the tissue producing the drinking 


| 
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response. But that the osmotic stimuli may preferentially excite 
the ‘‘thirst mechanism” is indicated by the fact that electrical 
stimulation of the regions adjacent to the most effective area 
usually gave more side effects than similarly placed injections. 

Insufficient reproducibility and the failure to obtain a more exact 
localisation appeared to constitute the principal disadvantages 
of this type of stimulation. Both of these disadvantages have been 
circumvented by electrical stimulation of the hypothalamus. When 
stimulating electrically, it was possible to repeat the effect very 
frequently and without fail. The fact that during this type of 
stimulation the animal drank a urine water mixture indicates that 
the urge to drink was very strong. Furthermore, the short time of 
latency before the onset of drinking and the short period of drink- 
ing after the cessation of stimulation clearly relates the polydipsia 
to the applied stimulus. The fact that stimulation continued over 
longer periods, when the animals where already considerably 
hydrated, could produce an enormous overhydration shows that 
any inhibitory mechanism in these cases was insufficient to over- 
come the experimentally induced drinking. This taken together 
with the marked hemodilution found here clearly proves the pri- 
macy of the polydipsia from these hypothalamic stimulations. 

Especially when repeated stimulations were applied after over- 
hydration the subsequent water diuresis seemed to be delayed in 
its onset and the decrease in plasma sodium and chloride values 
was more marked than that previously seen during overhydration 
through a ruminal fistula (ANDERSSON 1955). To further elucidate 
this phenomenon the effect of stimulation on the water diuresis was 
evaluated as described above. In this goat an inhibition of water 
diuresis which was clearly of neurohypophyseal type resulted from 
stimulation of the same area which induced drinking. Further 
work is necessary to determine if this would always be the case. 
The result could, however, be taken as support for a view that a 
hypothalamic mechanism regulating the water intake also exerts 
an influence on the secretion of antidiuretic hormone from the 
neurohypophysis. If the inhibition was due to antidiuretic hormone, 
as indicated by its onset and time course, the determination of 
urinary electrolytes shows that the endogenously released hormone 
under these conditions had no obvious natriuretic or chloruretic 
effect (Fig. 4). 

The active region of the hypothalamus determined by microin- 
jections and electrical stimulation is included within the somewhat 
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larger area which was previously found using larger volumes of 
hypertonic saline (ANDERSSON 1953). The portion of the middle 
hypothalamus which appears to be concerned with water intake 
is included in the area where Hess in his stimulations, compiled 
by BriacEerR (1943), found bulimia in cats. In some of these 
experiments, the cats showed a preference for milk as contrasted 
to meat, suggesting that they might also have drunk water if it 
had been offered to them. The polydipsia seen in the experiments 
reported here has been completely separated from hyperphagia, 
which would be consistent with the idea that the region governing 
food intake may lie more laterally (ANAND and BroBeEck 1951, 
Larsson 1954). 


Summary. 


1. Microinjections of 0.003 to 0.01 ml of 2 to 3 % sodium chlo- 
ride solution into a fairly limited part of the hypothalamus of the 
goat produced drinking of from 2 to 8 liters of water on one or 
more occasions in 8 experiments in 16 goats. 

2. Drinking commenced 30 to 60 seconds after the injection and 
continued for 2 to 5 minutes. 

3. The polydipsic effect of the injections was not always re- 
peatable. 

4. Electrical stimulation of the hypothalamus in 7 experiments 
produced drinking from 5 different points of stimulation. 

5. In contrast to the injection experiments, polydipsia could be 
produced at will by electrical stimulation of a discrete region of the 
hypothalamus lying between Columna fornicis descendens and 
Tractus Vicq d’Azyr. 

6. Drinking caused by electrical stimulation commenced 10 
to 30 seconds from the onset of stimulation and stopped 2 to 3 
seconds after the current was discontinued. 

7. Tremendous overhydration could be induced in this way fol- 
lowed by marked hemodilution and polyuria. 

8. When tested in one experiment, the stimulation at the same 
point, where polydipsia was evoked, produced a marked antidiure- 
sis of neurohypophyseal type. 
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Studies on the Active Transport of Lithium in 
the Isolated Frog Skin. 
By 
K. ZERAHN. 
Received 20 December 1954. 


In biological systems the behavior of lithium is often more 
similar to that of sodium than to that of any other ion. It was 
therefore of interest to determine how nearly lithium could re- 
place sodium in the active transport system of the isolated sur- 
viving frog skin. 

Investigations on this organ with respect to lithium have been 
previously performed by GaLEorTi (1904) who found that the 
isolated frog skin will maintain approximately the same potential 
difference of 50—100 mV when immersed in 0.1 molar lithium 
chloride as when bathed in 0.1 molar sodium chloride. 

The transport of lithium by the isolated surviving frog skin 
was investigated by the technique of short-circuiting the skin. 
Ussinc and ZERAHN (1951) and H. LinpERHOLM (1952) have 
demonstrated that in the isolated frog skin immersed in Ringer’s 
solution, the short-circuit current is equal to the net sodium flux 
(A Na) through the skin. This technique has been further applied 
in the work of KoEFoED-JoHNSEN, Usstne and ZERAHN (1952). 
With this background it seemed appropriate to apply the same 
technique to the study of the active transport of lithium. 


Methods. 


The technique and apparatus described by Ussinc and ZERAHN 
(1951) as modified by Korrorp-JoHnsENn, Ussine and ZERAHN (1952) 


were used. 


| 
= 
— 


348 K. ZERAHN. 


Three different types of experiments were included in this study: 


A. The addition of known amounts of lithium to the Ringer’s solutions on 
both sides of the frog skin. 

Influx and outflux of sodium through the frog skin were determined 
by the double labelling method (Levi & Ussing 1949), using the two 
radioactive isotopes Na* and Na®. Control flux measurements were 
obtained with Ringer’s solution bathing both sides of the skin. Then 
varying amounts of lithium were added to the bathing solutions, keep- 
ing the concentrations of lithium the same on both sides of the skin. 
The concentrations of lithium were obtained by replacing the Ringer 
solution bathing the skin during the control periods with known vol- 
umes of a Ringer solution in which all of the sodium has been replaced 
by lithium (Li-Ringer). 

The use of agar-Ringer bridges in these experiments does not intro- 
duce a significant error in the measurements. 


B. The replacement of sodium in the solution bathing the outside surface 
of the skin by an “inert” ion 
The skin was mounted in the usual fashion with Ringer solution 
bathing both surfaces. The skin potential was observed until nearly 
constant values were obtained. The short-circuit-current was then 
measured and the outside solution was replaced with a magnesium 
Ringer solution (Mg-Ringer) in which an equivalent concentration of 
magnesium replaced all the sodium. The outside surface of the skin 
was rinsed 2—3 times with this solution and the outside Ringer-agar 
bridge was replaced by a Mg-Ringer-agar bridge. Substitution of Mg 
for all of the sodium in the outside solution stops the active transport 
and abolishes the usual short-circuit current, as Mg is unable to re- 
place Na in the transport system. The skin potential becomes slightly 
negative and the direction of the short-circuit current is reversed. The 
small, reversed short-circuit current of 0.3—5 wAmp./cm? is attributable 
to the outward diffusion of Na through the skin. Either Na-Ringer or 
Li-Ringer, or a mixture of the two, could now be added to the outside 
and the effects on the short-circuit current determined. That the skin 
preserved its normal transport mechanism in the presence of the high 
Mg-concentrations was indicated by the good agreement between 4 Na 
and the short-circuit current when Na was added to the outside solu- 
tion. Though the Mg-Ringer outside has a lower osmolarity than the 
Ringer inside, the resulting slow flow of water inward through the skin 
did not interfere with the experiments. 


In these experiments the sodium flux was measured by the double 
labelling technique.1 The lithium influx alone was measured, as the in- 
side solution initially contains no lithium. The lithium influx was 
determined as the sum of the quantity which entered the inside solu- 


1 The Nam used in these experiments was prepared by Philips Roxane Isotope 
Laboratories, Amsterdam, by bombardment of aluminium with deuterons and 
purified to less than 1 ppm of radioactive impurity remaining after 14 days. 
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tion plus the lithium present in the skin. This latter quantity of lithium 
was considered to have participated in the active transport process. 
That this moiety of lithium in the skin did not represent merely solu- 
tion adsorbed on the skin was shown by estimating separately this 
latter quantity of solution. In these experiments the calcium in the 
outer solution of Mg-Ringer was labelled with Ca*. As it was found 
that the calcium does not disappear appreciably from the outer solu- 
tion even over a period of several hours, the quantity of adsorbed 
calcium was measured and taken as a measure, undoubtedly a maximal 
value, of the quantity of solution adhering to the skin. It was found 
that this quantity was very small, less than 10 wl of solution, and the 
lithium content of the skin has been appropriately corrected for ad- 
hering solution. After the outside of the skin has been in contact with 
the Li-Ringer solution for the desired time, the applied short-circuit 
voltage was disconnected, the skin potential measured and the bathing 
solutions removed. The apparatus was then quickly taken apart. With 
the outside of the skin adhering to the rim of the chamber, the inside 
surface was wiped with filter paper and the free circular part of the 
skin was cut out. 

During this operation the skin was supported on filter paper. When 
cut free it was dried with filter paper, weighed, and ashed at 500° C. 
The ash was dissolved in 2.0 ml of 0.1 N hydrochloric acid and the 
solution was transferred to a centrifuge tube, the quartz crucible being 
washed twice with 2 ml portions of water. The calcium was precipi- 
tated as calcium oxalate and the precipitate was transferred directly 
to aluminium dishes for measurement of the radioactivity of the la- 
belled calcium. The calcium specimens were counted against a standard 
obtained from the corresponding solution bathing the outside of the 
skin. The total Ca** counts of the skin compared with the concentration 
of Ca** in the outside solution then gives an estimate of the volume of 
outside solution adhering to the skin. The quantity of lithium in this 
volume of solution was subtracted from the total lithium content of 
the skin’ to yield that quantity of lithium in the skin which had par- 
ticipated in the active transport process. The radioactivity of Ca** was 
so low that it did not disturb the measurements of the Na** samples 
from the outside because the # particles from these samples were 
measured through 0.5 mm of aluminium. The samples of Na” from the 
inside did not contain significant amounts of Ca*®. The lithium content 
of the Ringer solution bathing the inside of the skin was measured 
with a Beckman flame photometer. Because of the high concentrations 


1 In determining the Li content of the skin with the Beckman flame photo- 
meter it was necessary that the Ca be removed from the solution because the 
wide slit used in determining the lithium does not cut out all the light from the 
622 mu band of Ca. It was necessary to use a wide slit of 0.2 mm because of the 
very low concentrations of Li. 

In the frog Rana temporaria, the amount of Ca is always very small — about 
one millimol for a 7 cm? skin — while in the frog Rana esculenta, the same area 
of skin will have about 30 millimol of calcium. Thus in the latter instance the 
high calcium concentrations can be the source of a rather large error. There fore, 
all lithium determinations were made on solutions free of calcium. 
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of sodium in the inside solution, circa 115 mEq. per liter, the standard 
lithium solutions were prepared by diluting known amounts of Li- 
Ringer to volume with Na-Ringer. In addition Na-Ringer was used as 
a blank. 


C. Demonstration of the transport of lithium against an electrochemical 
gradient. 

If the movement of lithium through the frog skin is the result of an 
active transport process it should be possible for the lithium ions to 
be moved against an electrochemical gradient. In the previous ex- 
periments conditions were such that the concentration gradient for 
lithium was either zero, as in Part A, or positive, as in Part B with 
lithium only added to the outside bathing solution. In order to obtain 
a measurable change in lithium concentration resulting from its trans- 
port through the skin, it was desirable to work with smaller volumes 
of solution than required in the apparatus for measuring the “short- 
circuit” current. Thus these experiments were performed with the 
skin bag technique used by Hur (1935). The skin from the hind legs of 
Rana esculenta was carefully dissected free and a bag made by tying 
off one end with a thread. The open end was tied to a glass tube. A 
cork stopper with a slit was placed in the glass tube and the bag was 
dipped into a beaker containing 30 ml of an aerated solution. 

This solution consisted of 2.20 mM per liter of lithium. The skin 
bag was filled with 2 ml of a solution of known amounts of Li-Ringer 
added to ordinary Ringer solution after first being rinsed three or four 
times with this solution. This refers to the two first experiments in Table 
5; in the following experiments the epithelial side was turned inward, and 
the solutions were changed accordingly. After the skin bag was filled, it 
was quickly weighed and placed in the beaker, with care taken to adjust 
the height of the bag so that inside and outside fluids were at the 
same level. During the experiment frequent measurements of the 
potential difference across the skin were made. At the termination 
of an experiment the bag was weighed again to obtain the change in 
volume of inside solution. The sign for both potential difference and 
A V refers to the chorion side. Finally the lithium content of the bag 
was determined by flame photometry. 


Results. 


Figure 1 shows the effects on the short-circuit current of adding 
different concentrations of lithium to the solutions bathing both 
sides of the frog skin. High concentrations of lithium on both 
sides definitely depress the current. Concentrations of 20 % or 
less do not have much effect. 

Table 1 shows the results of a series of experiments in which 
varying amounts of Li-Ringer were added to both sides of the 
skin (see Part A of Methods). It is evident that the short circuit 
current is equal to the net sodium flux (4 Na) in all four con- 
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SHORT- CIRCUIT CURRENT 
IN ~ AMP’S 


Li-R 
331% Li-R 
% Li -R 


o 80.5% 


300 


200 
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| 2 a 


Fig. 1. The effect of Li ions on the short-circuit current of the isolated skin from 

Rana temporaria. Li was added at the arrow in equal amounts to both sides of 

the skin. It is seen, that the current is decreased in all cases, but it should be kept 

in mind that the general trend without Li will be a slow decay of the current 
with time. 


trol periods. After the addition of the Li-Ringer, however, the 
net sodium transport falls in every instance significantly below 
the value of the short circuit current. This indicates the presence 
of an “extra current” in excess of the current which can be at- 
tributed to active transport of sodium ions. Furthermore the ratio 
of this “extra current” to the total short circuit current (expressed 
in % in the last column) is approximately equal to the ratio of 
lithium to sodium plus lithium concentrations (third column) in 
the bathing solutions. This agreement between the “extra cur- 
rent” and the lithium concentration suggests that the former 
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Table 1. 


Results from double labelling experiments with Na and Na*™ on the 
short-circuited frog skin. The first period is a control period, at the start 
of the following period the Li was added in the form of Li-Ringer, on both 
sides of the skin, in such amounts that the solutions on both sides of the 
skin were identical. In column 3 are given the ratic of the concentration of 
Ii and Na+, in column 10 the ratio of extra current and total short- 
circuit current times 100. All experiments were performed on isolated ab- 
dominal skins from Rana temporaria. 


Extra 


Out- 4 Na Short Extra current 


| Influx y 

i flux 4 Na | circuit 

Date in in Na h- pAmp.| current pAmp. 
hours | solu- |Na em-* | cm- | circuit- 


em-? cem~? 
current 


1 0 | 2.30 | 0.13 | 2.17 | 58.2 57.0 
ber | 
14 | 1 | 21.2 | 1.20 | 0.10 |; 1.10 | 29.5 | 40.2 10.7 26.6 
1 21.2 | 0.99 | 0.09 | 0.90 24.1 35.3 11.2 31.7 
Octo- 1 0 | 2.14 | 0.09 | 2.05 | 54.9 | 54.8 oe — 
ber 
15 1 33.3 | 0.85 | 0.06 | 0.79 | 21 27.5 6.3 22.9 
2 33.3 | 0.52 | 0.07 | 0.45 2 18.6 6.5 34.9 
Octo- | 1 | 0 | 0.96 | 0.14 | 0.82 | 220] 245] — | — 
ber | 
1 | 65/60 | 52.0 | 0.40 0.06 0.34 9.1 15.2 | 6.1 40.1 
| 1 | 520 | 0.31 | 0.10 0.21 | 129| 73 56 
Octo- 1 0 2.39 | 0.18 | 2.21 | 59.2 56.7 — 
ber 1/5 
2 u, | 80.5 0.23 | 0.04 | 0.19 | 5.1 14.7 9.6 | 65.3 
1 | 80 1.9 6.2 4.3 | 69.4 


5 | 0.12 | 0.05 | 0.07 | 
results from the active transport of lithium and that the parti- 
cipation of lithium in the active transport system is proportional 


to its mole fraction of the sodium and lithium present in the 
bathing solution. 


In Table 2 are shown the results of experiments in which known 
amounts of sodium and/or lithium have been added to the inert 
Mg-Ringer solution bathing the outside of the skin (see Part B 
of Methods). As seen in the first period of the experiment of 
April 1, when Mg-Ringer solution alone is in contact with the 
outside of the skin the electrical activity of the skin is minimal 
(short circuit current is negative) and leakage of sodium occurs 
outward through the skin. When either sodium ions and/or 
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Table 2, 


Results from experiments with magnesium-Ringer on the outside of the 
isolated abdominal skin from Rana temporaria. The amounts of sodium 
passing in and out through a 7.06 cm* skin are measured with Na® and 
Na* and the amounts of Li passing in by analysis of the inside solution 
and of the content in the skin. Due corrections are made for the outside 
solution adhering to the skin. The contribution of Na and Ii ions corre- 
spond fairly closely to the amount of electricity used for short-circuiting the 
skin. All other ions involved are in the same concentration on the inside 
and on the outside, except the magnesium. 


| | Concentr. 
| pmol of Na pmol of Li Net 
mol/ml | Passing amount “mount of} 
Date = shorting 
ions in 
hours | umol current 
ie Na | Li out | kin | side in pEq. 
} 
Feb. 
10 9.7 9.7 | 3.28 1.41 | 0.68 | 1.88 | 4.43 | 4.78 
Feb. | 
1 0 | 1101/0 (077) 0.73 | 133 129] 145 | 
March | | | | 
17 | 4 2.8 0 2.21 | 0.65 | 0 0 | ~~ 1.56 1.53 | 
I | 183 | 2.7 | 28 | 18s | 1.19 | 0.51 | 0.76 | 1.96 1.95 | 
March | | 
17 1 | 28]; O 2.58 | 0.63 | 0 0 1.95 | 2.02 | 
II 1/, | 2.7 | 5.8 1.58 | 0.87 | 0.54 | 1.38 2.63 2.41 | 
April |1 | 0 0 |0 | | —0.07 
8 | 81) 0 | 193/045/0 | 148] 1:50 
| |} 11/, | 2.9 6.4 | 1.53 | 0.62 | 0.84 | 1.60 3.35 | 3.53 


lithium ions are added to the outside solution, however, as in all 
the other periods shown, the positive value of the short circuit 
current is reestablished. The net movement of lithium plus 
sodium ions through the skin was determined in these experi- 
ments as the difference between sodium influx and outflux plus 
the sum of the lithium transported to the inside solution and the 
lithium present in the skin (see Discussion). The good agreement 
between the value for the net amount of ions transported and the 
short circuit current, whether the ions involved were sodium 
alone, lithium alone or a combination of the two, establishes that 
the short circuit current is accounted for solely by the movement 
of lithium and sodium ions. 


Extra | 
urrent 
n % of 
short- 
ircuit- 
current 
26.6 
31.7 
22.9 ¢ 
34.9 | 
40.1 
56.6 
f 
q 
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Table 3. 


Results from experiments with magnesium Ringer on the outside of isolated 
skins from Rana esculenta. Experimental conditions as in Table 2. 


Concentr. Electrical 
Ti outside | woes Na pmol of Li| Net amount 
Dat pmol/ml amount of 
= | ions in | shorting 
hours | | 
t in in- | pmol current 
nm out skin side | in pEq. 
March | 1 28 | 0 | 125 | 1.34 | 0 0 | —0.09 0.22 
26 | 11/, 28 | 80 | 1.42 1.93 0.59 0.41 | 0.29 0.34 
March | 1 10.4 0 3.35 | 0.64 | 0 0 | Ora 2.35 
26 2 9:5 | 10:2 | 3:06 | 1.53 | 1.93 | 1.64 4.50 4.56 
March | 1 0 0 0 0.56 | 0 0 —0.56 | —0.15 
27 1'/, 0 3.1 | 0 1.17 | 0.65 | 1.14 0.62 | 1.18 
March 1 0 0 0 0.20 0 0 —0.20 | —0.93 
28 Pr, 1-0 | "62 10 | 0.85 | 1.13 | 3.40 3.68 3.75 


Table 3 shows the results of similar experiments performed on 
a different species of frog, Rana esculenta. The findings are in 
accord with those presented in the preceding table. 


In Table 4 are shown the results of additional similar experi- 
ments in which choline, rather than magnesium, was the “inert 
ion” in the outside bathing solution. Again the results are similar, 
though the measured net amount of ions transported is signifi- 
cantly less than the short circuit current in all but one period. 
This discrepancy averaged 1.2 wEq. per hour and was larger 
than that expected from the experimental error. This suggests 
that the choline may possibly stimulate the skin glands or may 
itself penetrate the skin sufficiently to contribute to the short 
circuit current. The large concentration gradient for choline in- 
ward across the skin would favor such movement. However no 
penetration of the frog skin by choline could be demonstrated by 
Dr. L. KrrscHner.’ In any case choline would seem to be a less 
satisfactory “inert ion” than magnesium in these experiments. 

Further similar experiments were made using calcium as the 
“inert” ion on the outside. In 13 periods with the total duration 


1 Personal communication. 
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Table 4. 


Results from experiments with choline-Ringer on the outside of the isolated 
skin from Rana temporaria and Rana arvalis.* 
The amounts of sodium passing in and out are measured with Na® and 
Na* respectively and the amount of lithium passing in by analysis of the 
inside solution and the skin. Due corrections are made for the outside solu- 
tion sticking to the skin. It seems that there is some ion movement which 
is not accounted for by the Na and Li. 


| Time! tion outside) of Na pmol of Li Net | Shorting 

Date passing amount current 

Na Li in out in skin inside '™ pmol 

| *April | 1 0 0 0 | 107 O 0 — 1.07 0.20 
9 1 0 0 0 0.78 «(0 0 —(.78 0.24 
1 3.3 0 2.32 0.69. 0 0 1.63 2.24 

1!/, | 6.8 | 2.901 | 1.87 | 0.938 | 1.62 4.09 4.86 

*April 1 0 i) 0 1.12 | 0 0 —1.12 0.52 
30 1 3.1 0 5.56 | 1.25 | 0 0 4.31 9.08 
1 2.9 6.4 | 3.05 | 1.53 | 0.86 | 1.72 4.10 9.00 

*May 1 0 0 0 0.55 0 0 —0.55 | —0.48 
15 1 0 5.0 | 0 L337 | G72 1.50 0.86 0.60 
May 1 0 0 0 3.31 0 0 — 3.31 | —0.08 
15 Z 4.8 0 5.70 2.70 | O 0 3.00 4.8 


1), 4.1 | 17.0 | 2.20 ; 3.50 | 1.36 | 4.02 4.08 7.8 


of 16 */, hours the current was found to exceed the net flux of 
sodium + lithium by an av.~..ge value of 0.36 wEq./h. When 
the penetration of calcium through the skin was measured in two 
2 hour periods using Ca* as a tracer an average rate of penetra- 
tion of 0.31 Eq. per hour was found. This indicates that penetra- 
tion of calcium satisfactorily accounts for the discrepancy between 
current and sodium plus lithium flux. Calcium like choline thus is 


less suitable than Mg as an inert ion. 


Table 5 shows results of experiments using a skin bag, which 
indicate that lithium, like sodium, can be transported by the skin 
from low concentrations on the outside (epithelial side) to higher 
concentrations inside (chorion side). This uptake of lithium was 
independent of movement of water through the skin as is dem- 
onstrated in those experiments in which the addition of glucose 
to the outside Mg-Ringer solution caused, if any, a slow move- 


24 —553010. Acta phys. Scandinav. Vol. 33. 
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Table 5. 


Experiments on skin bags from Rana esculenta. In the first two experi- 
ments the skin bags were in their natural position with the epithelial side 
turned outward, in all the other experiments the epithelial side was turned 
inward, Column 3 gives the Li concentration in mol/ml of the chorion 
side, column 4 on the epithelial side, the first figure at the start, the second 
at the end of the experiment. Column 5 gives the change in volume of solu- 
tion in the bag, determined by weighing, the sign refers to the chorion side. 
The content of the bag at the beginning of the experiment was 2 ml. The 
6 column is the mean value of the potential difference. The ALi in the 
7 column is the increase of Li on the chorion side in the 2 first experi- 
ments, the decrease on the epithelial side in the others. Only in the two first 
experiments the potential difference was occasionally 1—2 mV below zero. 
The last column gives the solution on the epithelial side, to which the Li-R 
was added. 


Ch.s Li E.s Li PD. | 
Date in ; E. sol. 
pmol ml pmol/ml gram pmol | 
> 29 | 
June 4 H 4.40 “29 | —0.008} 1 1.08 | Mg-R + 60 milli- 
2% 4.96 » | | 
molar dextrose 
June 0 4.40 2.20 | 
18 6 aor | | 0.107 3 1.67 | Mg-R 
> 99 | | 
4 4.40 | —0.020] 11 2.08 | Mg-R + 60 milli- 
25 > 1.15 
| molar dextrose | 
29 
10 0.66 | Mg-R + 60 milli- 
28 8 1.84 
| molar dextrose 
June 0 22.0 2.20 | 
28 8 1.99 0.020) 14 0.46 | Mg-R 
0 ( 2.20 | 
my 5 4.40 ro. | 0.138! 60 | 0.49 | distilled water 
June ( 2.2 
0.174} 38 | 0.48 | distilled water 


ment of water (A V) in the direction opposite to that of lithium. 
The movement of lithium against an electrochemical potential 
gradient establishes its active transport by the frog skin. 


Discussion. 


The experiments shown in Table 1 suggested that the transport 
of lithium could account for the difference between the net flux 
of sodium and the short-circuit current. 

However it was necessary to exclude the possible active trans- 
port of any other ion. This was done by showing that the short- 
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circuit current (Tables 2 and 3) just equalled the sum of the net 
flux of sodium plus lithium. 

Finally it was demonstrated (Table 5) that lithium couid be 
transported against both an electrical and a chemical gradient; 
this establishes the active nature of the transport process. 

To equate the current with the sum of the sodium and lithium 
flux, it was necessary to include that portion of the lithium re- 
maining in the skin with the lithium which actually passed 
through the skin. It is evident that lithium ions which are stored 
in the skin can only give rise to a current by moving other ions. 
Possibilities include movement of some cation, e. g. potassium 
from the skin to the inside solution, or the movement of some 
anion e. g. chloride from the inside solution into the skin. 

The experiment of March 27 shown in Table 3 illustrates the 
storage of lithium in the skin. Thus the weight of the skin was 
0.142 g, the outside solution contained 3.1 «mol of lithium per 
ml, hence 0.44 wmol of lithium per 0.142 g of solution. The skin 
however actually contained 0.65 «mol of lithium so that lithium 
has been concentrated in the skin. As it is unlikely that the 
lithium is uniformly distributed through the skin, it is probable 
that its concentration is much higher in a part of the skin than 
this average figure would suggest. If lithium were stored only in 
the epithelial layer its concentration would be at least 5 to 10 
times higher than in the outside solution in the experiment cited. 

It was of interest to determine whether sodium was similarly 
concentrated in the skin during its active transport; in order to 
determine this only the sodium from the outside can be con- 
sidered. This was conveniently done in the experiments in which 
sodium influx was measured with Na”. The following data taken 
from the experiment in Table 2 show the respective contents, 
derived from the outside solution, of lithium and sodium in the 
skins. 


Experiment Feb. 10 March17.I. March17.1I. Mean value 
Lithium content... 0.68 0.51 0.54 0.58 
Sodium content.... 0.09 0.11 0.06 0.09 


The ion contents are expressed as «mols and all values have 
been corrected for the quantity of adhering outside solution by 
the method described. 

It is evident that the quantity of lithium stored is much greater 
than the quantity of sodium. This difference may be associated 
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with the greater ionic mobility of the sodium ion. It may also be 
that lithium which can be readily taken up by the epithelial cells 
cannot be so readily expelled, as is suggested to be the case with 
red blood cells (Harris and MaizEzs, 1951). It is, in any case, 
a definite difference in the behavior of the frog skin toward the 
two ions which otherwise seem to compete on an equal basis in 
the transport system. 


Added in proof. The addition of lithium to the outside of the 
isolated frog skin may give rise to rhythmic variations of the skin 
potential and electrical conductance with a frequency of about 0.3 
periods per minute (TEoRELL, 1954), and they are accompanied by 
oscillations of the short-circuit current. Control experiments have 
shown that these oscillations are without any significant influence 
on the mean value of the short-circuit current, which in the present 
work is based upon a recording every fifth minute. 


Summary. 


The transport of lithium ions by the isolated surviving frog 
skin has been studied. By using the technique of short-circuiting 
the skin it was first shown that the usual equality of net sodium 
transport and short-circuit current was disturbed and, secondly, 
that this disturbance can be accounted for by the quantity of 
lithium which has passed through the skin plus the quantity 
which has accumulated in the skin. It was further demonstrated 
that lithium and sodium compete on an equal basis in the trans- 
port process. Finally the ability of the frog skin to move lithium 
against an electrochemical gradient was shown, thus establishing 
the active nature of lithium transport. 


Literature. 


Ga.eorTi, G., Z. phys. Chem. 1904. 49. 542. 

Harris, E. J. and M. Maizets, J. Physiol. 1951. 713. 506. 

Hur, E., Arch. ges. Physiol. 1935. 235. 655. 

KirscHner, L., Personal communication. 

KorrorD-JoHnsen, V., H. H. Usstne and K. Zeraun, Acta physiol. 
scand. 1952. 27. 38. 

Levi, H. and H. H. Ussine, Nature 1949. 164. 928. 

LInDERHOLM, H., Acta physiol. scand. 1952. 27. Suppl. 97. 

TEORELL, T., Acta physiol. scand. 1954. 37. 268. 

Ussine, H. H. and K. Zerann, Ibidem 1951. 23. 110. 


a 


Fre 


Tl 


{ 
| 
| 
| 
| 
| ine 
cat 
be 
wa 
an 
ho 
the 
wil 
sid 
in 
) col 
\ by 
« th 
est 
| dic 
| in 
} me 
the 


o be 
cells 
with 

the 
is in 


the 
skin 
0.3 
| by 
lave 
ence 
sent 


rog 
ing 
um 


lly, 
of 
ity 
ted 
ns- 
um 


ing 


iol. 


| From the Histological Department, University of Uppsala, Sweden. 


The Fluorescence of the Serum in Rats with 
| Alloxan Diabetes and Cataract. 


I. Intensity Determinations. 
| 
{ SVEN ELOV BROLIN. 


Received 22 December 1954. 


The native fluorescence of the eye lens was shown to be strongly 
increased in severe alloxan diabetes which frequently provoked 
cataracts (BROLIN 1954). The possibility that the increase could 
be caused simply by degenerative processes in the lens fibers 
was not supported by investigations on galactose cataract (BROLIN 
and Krakau 1949) and tetanic cataract (BroLtin 1953). If, 
however, a fluorescent and toxic substance is allowed to affect 
the lens its fluorescence will increase as shown by experiments 
with naphthalin poisoning (BROLIN 1950). 

t When the increased fluorescence caused by diabetes is con- 
sidered, the most probable explanation seems to be a deposition 
in the lens of one or more of fluorescing substances during the 
) course of a developing cataract. Consequently the question will 

arise whether the supply of fluorescing compounds will be changed 
\ by experimental diabetes. The fluorescence of the serum must 
; then be taken into consideration. Different values obtained by 
estimations of the fluorescence, however, will not necessarily in- 
dicate differences in concentration because other factors also may 
influence the results. 

The purpose of the present investigation has been to study: 

1) If the intensity of the serum fluorescence is changed by experi- 
mental diabetes. 

2) If the results of the determinations depend on some other factor 
than the amount of fluorescing substances. 
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In this communication the attention has been confined to the 
intensity of the fluorescence. Its spectral distribution has also 
been determined and some small, but perhaps important devia- 
tions were observed. This part of the investigation will be published 
later because in the interpretation special regard must be paid 
to particular details. 


Experimental Procedure and Material. 


Diabetes was induced in male rats, of 5—6 weeks age and weighing 
about 85 g by subcutaneous injection of 0.175 mg alloxan per g 
vody-weight. Previously the rats had been 24 hours without food. 
The drug was administered as a 1 per cent solution in physiological 
saline to which for ensuring rapid resorption 0.25 V. R. U. hyaluronidase 
(Hyalas Leo) had been added per ml. To counteract initial hypoglyc- 
aemia about 0.2 g glucose in a 5 per cent solution was given sub- 
cutaneously after 2 and 12 hours. 

In the course of the experiments which lasted for 5—6 weeks the 
urine was tested for sugar by clinitest (Ames). When the sugar excretion 
was high, 0.s—1.6 I. U. zine-protamine insulin were given sub- 
cutaneously once every 24 hours. 

The eye lenses were examined in vivo with slit lamp and stereomicro- 
scope after the pupils had been dilated by homatropin. In this way 
the diabetic rats were separated in groups with and without cataracts. 
The division of the material is accounted for in Table 1. Double groups 
were obtained, because the experiments were performed in two different 
periods. 

At the end of the experiments the blood was withdrawn from the rats 
by the aid of a glass cannula inserted into the abdominal aorta. Chloro- 
form, free from fluorescing impurities was used for narcosis. After 
centrifugation, the tubes, containing the blood were kept over the 
night at —2° C and on the following day serum was pipetted off. 
In this way only slight hemolysis was obtained. 

The fluorescence was measured with a spectrophotometer provided 
with a photocell of electron-multiplier type. The sample was sucked 
in a quartz tube with an inner diameter of 2 mm, placed in the front 
of the collimator slit and illuminated by ultraviolet light. The maximum 
value of each spectrogram was chosen to represent the intensity, the 
unit of which was a scale division of the galvanometer fed by the 
photocurrent. In detail the procedure has been described earlier (BROLIN 
1948, 1953). 

Absorption measurements were performed with a Beckman spectro- 
photometer. To check the influence of pH which of course is not the 
same as in the living animal, estimations were performed with a glass 
electrode, permitting an accuracy about 0.02. 
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Results. 


During the experimental period the mean body weight increased 
much less in the diabetic than in the other groups as proved by 
statistical calculations. As seen in Table | the increase was retarded 
by diabetes, in the main independent of the aggravation indicated 
by cataract formation. 

The serum fluorescence of the diabetic groups with cataract 
showed an intensity which was about 50 per cent higher than 
in the other groups (Table 1). Analysis of variance was used for 
the statistical treatment of the intensity values, the results being 
summarized in Table 2. Low variance ratios are obtained by 
combination of groups with clear lenses, but the ratios increase 
considerably, when the groups with cataracts are included. No 
difference between the fluorescence intensity of the simple dia- 
betic groups and the other groups with clear lenses was indicated 
by the p-value. On the other hand, the probability level correspond- 
ing to the possibility that the high fluorescence of the groups 
with cataracts could be obtained at random from a common 
homogeneous population was less than 0.1 per cent. 


Table 1. 
Intensity of Increase of 
z Number serum body-weight 
= fluorescence per cent 
N1 20 82 183 
Normal 
ee N2 20 93 153 
$ Alloxan treated Al 14 81 161 
Zo but nondiabetic A2 11 92 144 
D1 8 94 57 
Diabetic 
D2 12 83 95 
sss D3 11 142 78 
25S Diabetic 
o's D4 8 137 38 


Student’s test was in addition used for calculations, considering 
only the two kinds of diabetic groups. The common mean value 
of the two groups with cataract was 140 + 11.8 which was to 


be compared with the common value 87 + 5.3 of the two other 
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Table 2. 


Result of the analysis of variance. The different p-values denote the per- 

centage probability of the variance ratios being exceeded by mere chance. 

The designation of the groups is explained in Table 1, in which the mean 
values of the fluorescence intensity is also given. 


Combination of groups Variance Ratio | Probability 
Nl, N2, Al, A2, Di, D2, D3, D4.... 4.5 p < 0.001 
5.7 0.001 < p< 0.01 


diabetic groups. The difference is 53 —- 12.9 and the ¢-value 4.1, 
corresponding to a p-value lower than 0.1 per cent. It seems 
thus to be well established that the fluorescence of the serum 
was changed, when diabetes was complicated by cataract for- 
mation. The possible influence of some factors on the fluorescence 
must now be taken into consideration. 


Hemolysis. 


According to earlier observations (BROLIN 1954) strong hemol- 
ysis will depress the intensity values of the fluorescence. Although 
the method used here successfully limits hemolysis. a continuous 
control was regarded as justified. The fact that the serum samples 
should be preserved for further investigations made the control 
more difficult. 


The following procedure and calculations were used to assess ap- 
proximately the hemoglobin content of the serum samples. With the 
aid of a pump, air was bubbled through the serum to oxygenate the 
hemoglobin which was estimated with a Beckman spectrophotometer. 
As water was used as the blank the E-values corresponding to the 
peaks of the oxyhemoglobin spectrum were increased by the absorp- 
tion of the serum. A correction for this serum absorption was calculated 
as follows. 

The measured, apparent absorption (E’-values) may be regarded 
as the sum of the absorption due to hemoglobin alone (E-values) and 
the pure absorption of serum. If now this absorption of serum be 
represented by an arbitrary straight line in the spectral region between 
580 and 540 mu, the E’-values will be obtained as shown in Fig. 1. 
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540 
/ 
E580 
E60 
a 


580 
540 


560 


Fig. 1. The E’-values of the sketch are the recorded density figures, which may 

be regarded as the sum of the actual absorptions of serum and oxyhemoglobin. 

The inclined line is assumed to represent the serum absorption in the actual 
spectral region. 


Because the shaded triangles of the Fig. 1 are congruent: 
, , 
E’ss0 — E’seo = — Eseo — a 
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540 560 — M4540 — “560 & 


, ¢ , ¢ 
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Assuming that Beer’s law is applicable for the absorption due to 
hemoglobin alone the following calculations may be performed with 
the use of c,, c. and k as constants. 

E50 — + = Esgq — + = Esgo (1 — 2c, + 
+ ¢,); 
1 
2c, + Ce (E550 2E + = E550 

If now the E-values in the brackets are substituted by the E’-values 

as derived above, the formula may be written: 
¢ 
Esso = k(E’559 — + E 540) 

The absorption of hemoglobin alone at the wavelength 580 mu 
thus may be calculated by using the apparent absorption values, 
provided that the absorption of serum alone is represented by a straight 
line. This must be correct in the first two points but at the third one 
a distance between the real serum absorption curve and the line may 
exist and give rise to an error. A correction of E’;,) should thus be per- 
formed by adding to it the distance (d), possessing a positive or negative 
value, whereby the following formula will be obtained. 

= k (E’sg9 — 2E’s69 + + kd. 

Provided that d is constant, increasing amounts of hemoglobin will 
give higher calculated values of E;,, even if the term k d is neglected. 
Thus the median of different series may still be compared, the mean 
on the other hand may not, because the distribution will be altered. 
In the present investigation the medians were used and k d accordingly 
neglected, whereby nevertheless an approximation is made, because 
the variations of d are not taken into consideration. 


The positions of the medians are given as percentage figures 
of the median common to the two normal groups, thus higher 
figures are indicating increased hemolysis. As seen in Fig. 2 the 
stronger serum fluorescence of diabetic rats with cataracts should 
not be explained by weaker hemolysis. Generally the degree of 
hemolysis seems to be kept low enough to prevent a noticeable 
influence and as seen in Fig. 3 the absorption peaks of the oxy- 
hemoglobin are not very conspicuous in the long wave part of 
the spectrogram. 


Influence of the blood depots. 


Blood delivered from the depé6ts may be suspected to constitute 
different proportions of the sample obtained from smaller and 
bigger individuals. To check the influence of this possibility, the 
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Fig. 2. Result of hemoglobin estimations. The medians of the different groups are 

given as percentage values of the median, common to the two normal groups. 

Increasing values of the abscissa thus are indicating higher degrees of hemolysis. 

The ordinate shows the fluorescence intensity of the different groups, the designa- 

tion of which being explained in Table 1. As seen high fluorescence intensity is 
independent of the present degree of hemolysis. 


blood was collected in two tubes in 35 cases of the first series. 
The second tube should reasonably contain a higher proportion 
of blood from the depéts. The fluorescence intensity of this part 
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Fig. 3. Mean values of the absorption curves of the groups from the second series. 
The pathway through the serum sample was 0.5 cm and distilled water was used 
as blank. 


was 9.5 + 3.3 per cent lower. The possible influence of such a 
difference on the calculations was considered, but judged as unim- 
portant. Moreover it may be pointed out that differences of body 
weight scarcely could alter the results, when the diabetic groups 
with cataracts and clear lenses were compared. 


Influence of pH. 


Fluorescent determinations are known to be altered by the 
pH of the solutions. Because of the buffering properties of serum 
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the pH requirements for accurate determinations should be 
present. An error may nevertheless be introduced by considerable 
systematic differences between the groups, thus making pH 
estimations advisable. Because the experiments were performed 
at two different periods the mean pH values of the untreated 
groups were compared with the values of the alloxan-treated 
groups, see Table 3. The numerical difference was as small as 
0.01 in a comparison of the untreated group and the diabetic 
group with cataract of the first series. The other differences also 
were small and in no case differed statistically. In consequence 
of this, displaced pH values of the serum samples have been 
regarded as a negligible source of error. 


Table 3. 


A survey of the pH determinations of the serum samples. The normal 

groups are compared with the different corresponding alloxan treated 

groups. (The pH meter was calibrated by a standard buffer solution of 

pH 8.0 when the first series were measured but its value was probably 

slightly lower at the second period. This source of error is negligible if the 
comparisons are carried out as below.) 


Groups and corresp. pH Difference 
8.19 + 0.03 —38.26+ 0.03 —0.07 + 0.04 
8.19 + 0.03 —8.26+ 0.03 —0.07 + 0.04 
8.19 + 0.03 48.20 + 0.06 —0.01 + 0.07 
8.08 + 0.01 —8.10+ 0.05 —0.02 + 0.05 
8.08 + 0.01 — 8.04 + 0.08 + 0.04 + 0.08 


0.01 —8.15 +013 —0.07 + 0.13 


Influence of the absorption in different spectral regions. 


As mentioned, absorption measurements, comprising all the 
material were performed in order to calculate the degree of 
hemolysis. To facilitate a more complete judgement of the in- 
fluence of absorption, spectrograms were recorded from all the 
relevant wavelength, when the experiments were carried out for 
the second time. Small samples of serum possessing density values 
of a relative high order should then be investigated. Special 
cuvettes were designed for this purpose (Bron 1955). The 
Beckman spectrophotometer used was provided with a photo- 
multiplier attachment and an adjustable microcuvette holder 
(Misco, Berkeley). Spectrograms, representing the different groups 
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are given in Fig. 3. The exiting ultraviolet light is mainly found 
at the wavelength 366 mu. The measured intensity of fluorescence 
should be diminished by absorption in this spectral region. The 
lower fluorescence intensity of the groups with clear lenses cannot 
however be explained by such an absorption, see Fig. 3. Nor 
can the strong fluorescence of the diabetic group with cataract 
depend on a lower absorption in the visible spectral region. 


Discussion. 


High intensity values seem to indicate an increased concentra- 
tion of fluorescing substances in the serum, because the experi- 
ments did not support other alternatives of interpretation. 

The investigation has sustained the assumption that fluorescing 
compounds are deposited in the lens when a cataract is brought 
about by experimental diabetes. It may especially be pointed 
out that an increased fluorescence of the serum could not be 
detected in series with diabetes where the lenses remained clear. 
A special question, not falling in the scope of this investigation is, 
whether the fluorescing compounds are toxic and in this way 
taking part in the cataract formation. An experimental considera- 
tion of this question has been planned. : 


Summary. 


The theory has been presented that fluorescing compounds are 
deposited in the lens at the formation of an experimental diabetic 
cataract. The increase of the lens fluorescence was previously 
stated. A marked and significant increase of the serum fluores- 
cence has been recorded in rats with alloxan diabetes, complicated 
by cataracts. No change of the fluorescence intensity could be 
observed in other experimental groups comprising diabetes with 
clear lenses and alloxan treatment, not giving rise to diabetes. 
Special regard was paid to hemolysis, different emptied blood 
depéts, pH and absorption in different spectral regions of the 
serum samples, but the influence of these factors did not consti- 
tute any appreciable source of error. 


This investigation was supported by a grant from the Swedish 
Diabetes Foundation. 
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A Microcuvette Designed for Absorption Meas- 
urements of Biological Fluids with High 
Density Values. 

By 
SVEN ELOV BROLIN. 


Received 22 December 1954. 


Three general possibilities present themselves, if spectrophoto- 
metric determinations of high density values are to be carried out. 
These alternatives consist in a dilution of the sample, the choice 
of an appropriate blank with high density and the use of special 
cuvettes. If, however, biological fluids are to be estimated, it 
may be desirable to avoid dilution or difficult to find a con- 
venient blank. The remaining possibility of using cuvettes with 
a short liquid pathway of light also will be limited by the fact 
that accurate such cuvettes are not commercially easily ob- 
tainable. In the course of an investigation on the properties of 
diabetic serum (Brotin 1955) microcuvettes according to the 
sketch of Fig. 1 were constructed. 

The cuvettes are turned out of a hard and transparent plastic 
(methyl methacrylate resin). Thus all cross-sections have circular 
surfaces. The end surfaces as well as the air pathways are blackened 
with cellulose laquer to prevent undesired light from reaching 
the photocell. As seen in Fig. 1, the dimensions of the air path- 
ways and the liquid chamber are chosen to prevent internal 
reflexions. The quartz windows are fixed with a special cement 
for joining glass to plastic. 

When the liquid chamber has been filled and the cover piece 
is screwed on, the air is easily displaced through the outlet. The 
screw of the cover may be tightened more or less, thus permitting 
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eden. 
° 10 20 mm. 

. Fig. 1. To the left main part of a cuvette with the sample chamber. To the right 

the cover with its inserting piece, the length of which may be matched to one 

of the two air outlets. 

A) Air pathways. D) Outlets for air bubbles. 

B) Liquid pathway. E) Engraved marks which shall coin- 

C) Quartz windows. cide, when the cover is screwed 

into position. 
a fine adjustment of the chamber depth which is indicated by the 
) marks engraved on both the screw inserting piece and the main 

oto- | piece. Depending on the length of the inserting piece 1.0 or 0.5 
out. | ml of liquid was used. It might be possible to diminish the volume 
aad of the chamber by an auxiliary piece of a cylinder provided with 
cial a central channel. 
2 it | The cuvettes were placed in an adjustable microcuvette holder 
eee (MISCO, Berkeley), manufactured for the Beckman spectrophoto- 
vith meter. When calibration was performed by using a pair of cuvettes 
fact filled with distilled water, the error of the density values was 
ob- less than 0.5 per cent in most of the spectral regions. Serum 
s of | spectrograms recorded with the described cuvettes are presented 
the in a following publication (BRoLin 1955). 
stic 
Summary. 
nail The design of cuvettes for measuring small samples of biological 
ing fluids with high density values is given. 
th- 
nal The technical assistance of Mr. R. Kikas in the construction 
oat ! of the microcuvettes is gratefully acknowledged. 
ece | References. 
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Urie Acid in Blood and Urine of Infants. 
By 


HEMMING POULSEN. 
Received 30 December 1954. 


It is a long-established fact that the urine of the newborn con- 
tains large amounts of uric acid. ScHLoss and CRAWFORD as early 
as in 1911 demonstrated a high incidence of uric acid deposits 
in the renal pyramids of infants. They found such concretions in 
about 40 % of all infants within the first few days of life. The 
authors examined 20 infants and found a 24-hour uric acid ex- 
cretion of from 18 to 27 mg per kg during the first 4 days of life. 
Then followed a 24-hour excretion of about 10 mg per kg the 
next few days. 

No such investigations have been made on infants since the 
introduction of a new specific and accurate method for uric acid 
determination. As, moreover, the above writers did not collect 
urine by catheterisation, we have thought that renewed investiga- 
tions might be of interest. 

At the same time we have determined the uric acid concentra- 
tions in blood from the umbilical cord and in the amniotic fluid, 
as well as in plasma from the infants 24, 48, and 72 hours after 
birth. For comparison we have measured the uric acid excretion 
in a smaller series of older experimental subjects: two infants 
(aged 3 and 5 years) as well as three adult men and five adult 
women. 


Technique. 


Methods of Analysis. 


The uric acid determinations were carried out by the enzymatic- 
spectrophotometric method indicated by Katcxar (1947), which is 


| 


ba: 
the 
ha: 
sul 
( 
the 
92 
wa 
titi 
| the 
pla 
wel 
to 
) 
lec 
Lic 
fro 
| dea 
Ne 
adi 
| r 
en 
| for 
fro 
sar 
we. 
dey 
mo 
: 
cas 
Ow: 
eig 
13) 
phy 
wit 
otk 
inf. 
we 
the 
bla 
tal 
ho 
| 


URIC ACID IN BLOOD AND URINE OF INFANTS. 373 


based on the view that the uric acid concentration is proportional to 
the extinction fall at 292.5 my after addition of uricase. PR&ToRIUS 
has modified the method for clinical serial analyses (1949) and it was 
subsequently improved by Prz&Torius and PouLseN (1953). 

Owing to the high uric acid concentrations the determinations in 
the urine were made with 25 ul of urine diluted with a buffer of pH 
9.3 to 10 ml. 

The uric acid concentrations in plasma were determined in two 
ways, dependent on the amount of plasma available. For small quan- 
tities of plasma a special modification elaborated by the authors of 
the method for small volumes (1953) was employed, e. g. 25 ul of 
plasma diluted with 1 ml of buffer. Where larger amounts of plasma 
were available we generally used 268.5 ul of plasma diluted with buffer 
to 10 ml. 


Experimental Methods. 


The investigation comprised 15 infants, from whom urine was col- 
lected for 3 to 5 days and blood samples were taken the first 3 days. 
Liquor amnii was collected during the process of delivery, and blood 
from the umbilical cord immediately after birth. Next catheter a 
demeure was inserted, Tiemann’s catheter No. 7—8 for boys and 
Nelaton’s catheter No. 11—13 for girls. The catheter was fixed with 
adhesive plaster. 

The infants were laid on one side with the legs and body fixed just 
enough to avoid tearing out of the catheter. The urine was collected 
for 24-hour periods the first 3 to 5 days, with the first period reckoned 
from the hour of birth. The urine specimens were all analyzed the 
same day as the period of collection was concluded. The blood samples 
were taken by heel pricking on the first, second, and third days, in- 
dependently of the hour of birth, generally between 11 and 12 in the 
morning. 

Thirteen of the infants had been born quite naturally, while in two 
cases (Nos. 3 and 12) delivery with forceps had been necessary 
owing to secondary inertia. The series of infants examined comprised 
eight boys and seven girls. Two had pronounced jaundice (Nos. 6 and 
13) and one mild jaundice (No. 14). 

All the infants were given 100 mg sulfemethizol (lucosil R) pro- 
phylactically in the morning and at night. One infant developed coliuria 
with fever (No. 9), which subsided under aureomycin treatment. The 
others had sterile urine at the conclusion of the experiment. All the 
infants received artificial nourishment. For the sake of comparison 
we examined two infants aged 3 and 5 years and eight adults between 
the ages of 26 and 57. 

The 24-hour urine specimens were collected in the way that the 24- 
hour period was reckoned from the time after the first emptying of the 
bladder till the corresponding point of time the next day. Care was 
taken that the first withdrawal of urine was carried out at the same 
hour on each experimental day. The urine specimens were analyzed 
on the day of their collection. 
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This series comprised two girls, three men, and five women. None 
of these subjects had any signs or symptoms of disease and have been 
in good health for a year after the experiment. The diet of the adult 
experimental subjects was an ordinary one containing about 100 g 
protein daily. 


Results. 


The newborn infants excrete only endogenous uric acid (purine- 
free diet). The 24-hour excretion amounts to about 16 mg/kg 
(Table 1). Adults on an ordinary diet containing about 100 g pro- 
tein daily excrete about 8 mg/kg during 24 hours (Table 3). 
Roughly about half of this is exogenous. In other words, the endo- 
genous 24-hour uric acid excretion of adults can be set at about 
4 mg/kg. Newborn infants thus excrete about four times more 
endogenous uric acid per kg than adults. 

The amount of urine produced increases from day to day. 
It is remarkable that such high uric acid concentrations are found 
in the urine the first 48 hours (Table 1). The plasma concentra- 
tion falls somewhat the first few days, and is generally a little 
higher than that normally seen in adults (Table 2). 


Table 2. 


The plasma uric acid concentration during the first three days after birth 
and the uric acid concentration in the amniotic fluid and in blood from 
the umbilical cord. 


| 

Plasma ~~ | Liquor | Blood from the 

Infant | 2. day | | umbilical 
| we/ml | pg/ml | pg/ml 
50.0 68.8 | 57.5 53.5 37.5 
es 50.0 36.5 | 39.0 53.5 | 44.0 
Se 41.4 54.55 | 51.5 94.5 | 75.0 
2 eae 45.0 53.5 50.5 99.0 | 79.0 
50.5 55.0 | 56.0 57.0 | 61.5 
are 45.2 47.4 | 48.0 68.6 50.0 
65.5 65.0 | 59.0 65.0 57.5 
Bicsitesars 68.0 70.0 67.0 65.0 65.0 
61.0 58.0 54.5 71.5 64.0 
56.0 51.5 45.2 65.0 63.5 
50.1 51.2 69.1 55.5 
| 69.4 44.6 41.8 113.1 81.0 
| 59.5 53.9 49.5 77.9 68.0 

| 63.4 49.5 45.2 67.5 | 

| 47.8 33.6 24.2 69.1 55.5 


| 54.2, 53.0 49.3 72.3 ‘61.1 
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Table 3. 


The urinary uric acid excretion/kg body weight in consecutive 24-hour 
periods by the adult man, woman and 3—65 year child. 


|1. day | 2. day | 3. day | 4. day | 5. day | 6. day | 7. day | Average 
| mg/kg mg/kg mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg» 


| 

— 7.4 6.9 6.0 ae 8.9 7.5 6.3 8.1 


Woman 6.4 7.8 9. £ 7.4 9.1 
8.0 | 8.5 8.4 7.7 7.9 
8.6 9.4 8.2 8.9 9.1 8.0 
6.3 | 6.6 7.0 7.1 6.9 
Child 10.3 5 11.5 11.8 10.9 9.6 11.0 


On the basis of the average urine flow, as well as the uric acid 
concentrations in plasma and urine the clearance of uric acid has 
been found to be of the order of 1 ml per minute, 7. e. about 0.3 ml 
per minute per kg. The uric acid clearance of adults is about 0.1 
ml per minute per kg. 

The uric acid concentration in liquor amnii is higher than that 
in plasma from the umbilical cord blood (Table 2). There is, how- 
ever, a certain parallelism, so that high values in one are at- 
tended by high values in the other. 


Discussion. 


The uric acid excretion in newborn infants was here found to 
be somewhat lower than indicated by Scnitoss and CrawrorD. 
The difference is probably due to the fact that the figures ob- 
tained with the method employed by ScnHLoss and CRawrorD 
(Fot1n 1914) were too high, presumably because the reagents 
used were reduced by other substances than uric acid. 

That the 24-hour excretion of uric acid per kg is greater in 
infants than in adults is a fact to be expected, if — as is generally 
accepted — we take the uric acid excretion in man to indicate 
the intensity of the nuclein metabolism. 
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Summary. 


The 24-hour excretion of endogeneous uric acid in newborn 
infants was found to be about 16 mg/kg and in adults about 4 
mg/kg. The average concentration of uric acid in blood from the 
umbilical cord was 61 ug/ml and in the amniotic fluid 72 ug/ml. 
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On a Fibrinolytic Enzyme in the Perilymph of 
Sharks. 
By 
C. E. JENSEN. 


Received 4 January 1955. 


The existence of a fibrinolytic system in certain fluids occurring 
in various small glandular ducts in the animal organism was proved 
by MacraRLane and (1947), BseRREHUUS (1952) and 
Astrup and StTernporFF (1952, 1953). The function of these 
fibrin splitting enzymes might be to counteract the obstruction 
of these minute ducts by clotted fibrin. The present investigation 
was undertaken to ascertain whether the fluids of the inner ear 
might contain a fibrinolytic mechanism of this sort. 


Material. 


The piked dogfishes (Acanthias vulg.) were delivered on ice and had 
been dead for about 50 hours when the peri- and endolymph were 
withdrawn, and the fluids were kept at 5° C for five days before the 
investigations began. A small drop of toluene was added in order to 
prevent bacterial growth. The perilymph appeared as a rather thin 
watery and homogeneous fluid just after its withdrawal from the peri- 
lymphatic space. Upon standing, a “cloud formation” could some- 
times be seen and — more rarely — a true coagulation of the whole 
mass of fluid was observed. These coagula dissolve spontaneously in 
the course of 12 to 24 hours. The endolymph is highly viscous, jellylike 
and transparent. 


| 


| 
} 
thi 
LE 
| mt 
pr 
Th 
om 
pla 
or 
of 
fib 
| zOY 
| pla 


gical 


ring 
ved 
and 
hese 
tion 
tion 

ear 


ON A FIBRINOLYTIC ENZYME. 379 


Fig. 1. Fibrin plate incubated 18 h. with perilymph at 20° C. 


Method. 


In order to test the possible occurrence of fibrinolytic activity in 
the labyrinthine fluids the fibrin plate method of Astrup and Mit- 
LERTZ (1952) was used. 

The extent of digestion of fibrin, defined as the product of two 
mutually perpendicular diameters (the thickness of the plates being 
practically constant), was used as the criterion for fibrinolytic activity. 
The added amounts of endolymph were only approximately equal be- 
cause of its jellylike behaviour. In some experiments three drops were 
placed separately on each dish, whereas in others only one was used in 
order to economize on the scanty materials. 


Experiments and Results. 


In the first experiment 3 drops of the perilymph and 4 drops 
of the endolymph were placed at separate points on the standard 
fibrin plates. After incubation for 18 hours at 37° C three lysed 
zones of 169, 156 and 156 mm*, respectively, were seen on the 
plate incubated with perilymph. The plate with endolymph did 
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Fig. 2. Relation between activity and concentration. 


Ordinate: Area in square mm. 

Abscissa: Concentration in units of the original perilymph (= 1). 
Incubation time: 18 h. 

_ Temperature: 20° C. 


not reveal tryptic activity, although care was taken to ensure 
contact between the highly viscous, jellylike endolymph and the 
fibrin plate. 

In order to test whether the fibrinolytic activity of the peri- 
lymph might be ascribed to an enzyme or to a plasminogen 
activator, the experiments were performed after incubation on fibrin 
plates previously heated at 85° C for 45 minutes, whereby their 
plasminogen is destroyed. However, a lysis was still observed; 
the areas of the lysed zones were smaller (72, 64, 56 mm?) than 
in a parallel experiment on a normal plate (81, 60, 73 mm+?), but 
this might be due to a partial denaturation of the fibrin. 

The addition of a surplus amount of plasminogen to standard 
plates did not cause any significant increase of the lysed zones. 
Neither did addition of streptokinase and fibrinokinase cause any 
enhancement of the fibrinolytic activity. 

In order to investigate the relation between activity and con- 
centration, drops of perilymph diluted to 4 different concentra- 
tions with a diethyl barbiturate buffer (ionic strength: 0.05, pH 
7.8) in 0.9 per cent saline were placed on standard fibrin plates 
and incubated at 20° C for 18 hours. A pronounced activity was 
found when the perilymph was diluted eight times, and even at 
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a dilution to sixteen times a lysis could still be observed. With 
increasing concentration of enzyme the areas of the lysed zones 
increased as shown in Fig. 2. 

After incubation for 18 hours at 5°, 9° and 20° C, respectively, 
followed by additional incubation at 20° C for periods up to 72 
hours, the areas of the lysed zones progressively increased. How- 
ever, after preliminary incubation at 37° C the area remained 
unchanged in size when subsequently incubated at 20° C (Table 1). 
With increasing incubation time the differences in areas of the 
lysed zones digested at 5°, 9° and 20° C are reduced. It was im- 
possible to follow the reaction for more than 72 hours, as the 
zones began to merge and a bacterial growth could not be ex- 

cluded. 


| Table 1. 


Relation between temperature, incubation time and activity. 


Incubation time | Incubation time Incubation time | 


Temp. 18 h Temp. 72 h. 
Average area mm? Average area mm? | 
5 20 422 589 
9 51 20 439 600 
20 225 20 484 629 
37 82 20 87 90 


To study the inactivation of the enzyme by temperature, the 
perilymph was kept at 37° C for various intervals of time and 
the activities measured after incubation at 20° C for 24 hours 
and 48 hours, respectively. The “half-life’’-period was about 2 
hours and the activity was completely lost after incubation for 
12 hours at 37° C (Table 2). 


Table 2. 


Inactivation of the enzyme after incubation at 37° C. 


Incubation time in h. at 37° C 0 1/4 1/2 2 | 4 12 
“Area” after 24 h. mm*........ 806 | 210) 196 154); 49 0 
“Area” after 48 h. mm®........ 460 342 306 238 81 0 
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Summary. 


The perilymph of the piked dogfish contains a fibrinolytic en- 
zyme which is destroyed by incubation for 12 hours at 37° C. The 
enzyme has its maximum activity at 20° C. 


I am indebted to Dr. Tace Astrup, Biological Institute, Carls- 
berg Foundation, to Professor J. A. CHRISTIANSEN and to Dr. 
THuRE VitstRuP for valuable advice and encouragement. The 
photograph is due to A. E. Lansner, Chemicab Engineer. 
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